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SECTION IV. 

BLECTBICITT. 

I. XLECTKICAL PHKNOHKNA IN GENERAL. 

§464. 

JElectbicitt is the etherlal power which affects all our senses, 
and which produces the most varied results in its influence on all 
t>odies whatever ; it is diffused thoughout the globe, and resides 
in all terrestrial substances. As yet, it has not been ascertained 
whether its presence is confined to our planet, or whether it 
exists thoughout the universe. 

Its presence is generally not perceptible in bodies, which are 
then said to be in a state of eleetrical quiescence. It is not, how- 
ever, to be considered as certain, that electricity in this condition 
exerts absolutely no influence at all. 

§465, 

Electricity becomes sensible when this state of quiescence is 
disturbed, and the electricity is set free. Probably no change 
transpires in the material world which is not eoxvck^cX^.^ Tcvott^ ^x 
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2 ELECTRICAL PHENOMENA. 

less intimately with a disturbance of this condition of repose, and 
an excitement of the electric power to a state of actiyity. The 
principal causes of electrical excitement with which we are at 
present acquainted, are the friction and contact of heten^eneous 
substances, change of temperature, the vitqji proeess, the fynetiam cf 
the atmosphere, the pressure and rupture of bodies, and imagnetiam. 
Philosophers are not unanimous as to whether chemical action waA 
a change in the aggregate form bf matter are capable of exciting 
electricity. The ordinary means of excitation employed are 
friction, contact, heat, and magnetism. According to the souree 
from which it is derived, it is called friction dectricity, dectridtg 
hy contact, thermo-electricity, and magneto-dectricity, 

Faraday has demonstrated, that the electricity liberated by 
these varions modes is essentially the same; that the souree 
whence it is derived affects its operations mainly in this respect, 
that one method will give us a small quantity of electricity of 
great intensity, whilst another will yield a larger amount of elec- 
tricity, but of less intensity. 

•§ 466. 

]Bodies in a state of electrical activity are said to be electriJUd, 
The different phenomena which they display may be ranged un- 
der the following heads : 

1.) Mechanical phenomena, which are observable in the moticms, 
or even in the disruption of other bodies. 

2.) Luminous phenomena, which are attended with a report 
more or less loud. 

3.) Tftermal phenomena, such as the incandescence, fusion, and 
combustion of bodies. 

4.) Chemical effects, consisting of the chemical combination 
and resolution of bodies. 

5.) Physiological phenomena, such as the production of a 
peculiar phosphoric odour, a sensation as if fine spider's webe 
were drawn across the &ce, an affection of the nerves of sight and 
taste; and lastly, a convulsive action of the whole nervous system, 
sometimes slight, at others more intense, and occasionally even 
mortal. 

6.) Magnetic phenomena, affecting magnetic bodies, and im- 
parting magnetic properties to non •magnetic substances. 

The various exhibitions of this electrical power do not all 
occur simultaneously, or with equal degrees of intensity : in 
many cases they are so feebly developed that instruments are 
required to collect and render visible the effects produced. 
For this reason, it was formerly thought that only certain 
substances possessed electrical properties ; with many of the 
phenomena of electricity we have become acquainted only 
within a comparatively short period. 
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§467. 

The electrical state of any body, whatever may be the cause 
hich has induced that state, is estimated by the quantity and the 
itensity of the electricity which has been called forth into action, 
'he electricity liberated may be measured, and its quantity may 
e expressed by means of any electrical effect that is assumed as 
le unit of measurement. Its density depends on its quantity, 
ad on the extent of the surface over which it is spread. If the 
uantittes of electricity be equal, their densities will be inversely 
s their surfisices ; t. e. if one surface be n times larger than 
nether, then the density of the same quantity of electricity 

'ill be -th of that on the lesser surface, 
n 



§468. 

The electrical state of a body may be merely temporaryt i, e. 
n electrified body may, afYer the lapse of a longer or shorter 
eriod, lose its electricity, and resume its condition of electrical 
uiescence, when it will be said to have discharged itself. The 
me required for this purpose depends on the nature of the 
odies in contact with the surface of the electrified body, and their 
sadiness for acquiring its free electricity. All substances pos- 
»ss the property of withdrawing the free electricity from any 
ody with which they may be in contact, and appropriating it to 
lemselves ; when this is accomplished, they are said to be electri" 
ed by conduction. According to the time consumed in this pro- 
ess bodies are divided into conductors^ non-conductors^ and had 
inductors. The loss of electricity sustained by any electrical 
ody may thus be measured : the means by which this is effected 
'e shall explain presently. 

Conductors are such bodies as become electrical instantaneously 
irough their whole extent, when the electricity is imparted to 
tiem at any point of their surface; they also part as quickly 
rith the electricity they have acquired, if one end be' connected 
y means oi a second conductor with the earth. Their charac- 
sristic property consequently is, that electricity may he readily 
tcited in them, and that when excited it is fredy propagated. 

The non-conductors are substances which possess properties the 
ery reverse of those just described ; i.e. they carry off free elec- 
ricity but slowly when touched by an electrified body, or if their 
ondition of electrical indifference is disturbed at any one point, 
hey become electrical at that point only; and if thevt ^\ic\«. 
urface be excited, and they are tVietk to\wA\fe^ \>^ ^otckfc <i^vw- 
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4 NON-COKBUCTORS. 

ductor connected with the ground, they part with their free elec- 
tricity only at the point of contact. Their characteristic is, that 
they retain free electricity for a length of time, and that they cheek 
Us motion. 

Hence good conductors can be electrified only when the firee 

electricity they contain has no opportunity of escaping to the 

earth. To effect this we cut off their connection with it by 

supporting them on some non-conducting substance : when thus 

-situated they are said to be insulated. 

It was formerly thought that none but the non-conducton 
could be electrically excited, and that no other bodies pos- 
sessed electricity ; hence the name of electrics given to the 
former, and nonmclectrics to the latter class of substances. 

Between these two extremes there is a large class of indifferent 
conductor St the time required by which for the transmission of 
electricity is so considerable as to admit of its being easily mea- 
sured. A strongly defined line cannot be drawn between these 
three classes of bodies; neither does there exist any such thing as 
a perfect conductor, or a perfect non-conductor ; but the con- 
ductors, arranged in the order of their conducting powers, deseed 
gradually to non-conductors. 

Experiment and observation have shown that free electricity 
attaches itself variously to these bodies ; that in the conductors 
it is accumulated only at the surface; but in substances of low 
condu'cting power, when subjected to powerful electrical in- 
fluences, it penetrates to the interior, and is firmly retained. 

§ 469. 

Our earth is the universal conductor to which all the free 
electricity from other bodies tends to return. The principal 
conductors are those metals which have a regular structure ; then 
well burnt charcoal and graphite (black-lead); next the earths; 
then most of the salts and many liquids, both in a fluid and 
vaporous form. Among the liquids, the acids are distinguished 
for their conducting powers; next come the aqueous solutions 
of the acids and salts; and last of all water itself. All other 
solid bodies become conductors when moistened or damp ; hence 
all animals and vegetables are conductors. Lastly, flame, smoke, 
and vacant space are conductors. 

On observing the list just given of the best conductors of 
electricity, it will be perceived that many of them, especially 
among the solids, are also good conductors of heat. 

§470. 

Among the non-conductors are to be reckoned all kinds of 
glass, the precious stones, particularly the diamond, the metal- 
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loids, especially sulphur, all the metallic oxides, and the alkalies 
and earths, when perfectly dry ; the combustible minerals, with 
scarcely an exception ; to this class, too, belong all kinds of hair, 
indian-rubber, wax, dry vegetable products, as sugar, gum, dry- 
wood, cotton, &c. ; the fatty oils, aether ; all animal coverings, as 
hair, skin, feathers, the webs of spiders and caterpillars, silk, raw 
and spun ; ice, in proportion to its coolness ; all dry gasses, in 
proportion to their density ; and lastly, perfectly gaseous steam. 

Of the different non- conducting substances enumerated above, 
shell-lac is the one which insulates most completely ; but glass is 
the body most generally used. The atmosphere is the most 
widely extended, and the most important non-conductor. Had 
the air been a conductor, the phenomena of electricity would not 
have been visible to us. It is worth noting, that its conducting 
power increases in proportion to its rarity and the quantity of 
aqueous vapour it contains. 

The principal substances of mean conducting power are paper, 
parchment, wood, horn, bones, ivory, marble, alabaster, and 
several other stones, when situated in the open air, and in their 
ordinary state of dryness. 

§471. 

The conducting power of bodies, or the readiness with which, in 
a given time, they transmit through their mass a certain quantity 
of free electricity, is an important element in the results brought 
about by this agent. It varies not only with the substance of 
a body, but also according to its dimensions and temperature. 
It may be remarked generally, that silver and copper, among 
the metals, have the highest conducting power, whilst lead 
and quicksilver have the lowest; that among liquids the 
highest rank is filled by nitric and sulphuric acids, and the 
lowest by water and alcohol ; further, that the conducting power 
of all bodies is weakened by increasing their length ; that its 
intensity is increased by enlarging their transverse dimensions ; 
lastly, the conducting power of metals is weakened by raising 
their temperature, but that it is increased by heating all other 
bodies, and especially liquids ; nay, even some substances which 
are non-conductors in the solid form, acquire a very considerable 
conducting power when fused or melted. 

Thus Sir H. Davy found that glass raised to a red-heat, 

melted sealing-wax, pitch, amber, shell-lac, sulphur and wax 

became good conductors. 
From the difference in the conducting powers of bodies arises 
the difference in the resistance offered to the conduction of elec- 
tricity ; or, as Riess terms it, the electrical retarding force. It 
•diminishes the electrical influence in the same proportion as the 
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by comhimtion each widi its anti^ooist. Tliis tCDdencj is the 
more forcible the greater the intensity of the free deetricity. 
(§ 467.) The fimdatnental efieet |irodueed by this tendency b 
the attraction of all such bodies as, by parting with their own 
electricity, would oontribute to icstore the stata of equiUlMiiim. 
Hence dectrificd bodies attract all other noo-elcctrified bodies 
and endearour to saturate themselves with their opposite dee- 
tricity. If the attracted body does not poasess the requisite 
quantity of the fluid to saturate the attracting body, than tiie 
orerplus of the free electridty is imparted to it, so that boCh 
bodies display an equal tension, and the body just now attracted 
is repelled. For similar reascNis, every deetarified body attraels 
to itself all oppositely dectrified bodies. If they both eontni 
equal quantities of opposite dectricities, they saturate eadi. odier 
on contact being established, and both acquire a state of eleetricid 
indifference. If the quantities of the anta^NUst fluids are unequal, 
the bodies cmitinue electriBed after contact, and they both eontahi 
the electricity of that body, which, before contact, contained the 
largest amount of electricity. All similarly dectrified bodies 
will repel each other, because the particles df the like eleetrieel 
fluids exert a repulsive force against each other. 

From a consideration of these phenomena, the following Unr 
of electricd attraction or polarity has been deduced : <— LOti 
dectricitus ( + £ and -i- E, and— £ and — £) repel each oiker ; M 
unlike ( + £ and — £) attract ; and if the quantitieM of tiittimUar 
electricities be exactly equal, they neutralise each other; that is to say, 
they briny about the state of electrical indifference (0£).' Tins 
law of electricd polarity bears a striking resemblance to that of 
magnetic polarity. (See § 437.) 

The state of electrical tendon may dso be recognised by certain 
physiologicd effects, viz. a peculiar phosphoric odour, and a 
sensation as if spiders* webs were being drawn across the face. 



§ 475. 

The principal effect of tension, viz. attraction, is exerted in a 
radiant direction from an electrified point or ball, and its intensity 
decreases with the distance. By means of an apparatus, the 
construction and use of which we shdl describe hereafter, Cou- 
lomb found that the law of forces acting from a centre was 
confirmed in this case, and that the intensity of these polar forces 
decreased as the square of the distance increased, t. e. at double the 
distance the intensity would be one-fourth ; at three times the 

distance, one-ninth ; at n times the distance, -— of what it is at 

n* 
the unit of distance. 
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§ 476. 

The state of tension becomes converted into one of motion, or 
an electrical current is generated, if an opportunity is presented to 
an electrified body of combining with its antagonist electricity. 
This condition is fulfilled by establishing an immediate contact 
between the former body and one oppositely electrified ; or, by 
connecting the two by means of a conductor ; or, by connecting 
one of them with the earth. Under any of the arrangements 
just named, the dissimilar fluids rush together and neutralize 
each other on the passage offered them by the conducting 
medium. If two courses are presented to the fluid by which it 
may make its exit, it will select that where it meets with the 
least resistance, and if the conductors be equally good it will 
select the shorter. 

The time that a current of electricity will last, depends on the 
retarding power of the conductor, and on the quantity of the 
fluid to be discharged ; if this be but smaH, and the cause which 
induced the state of tension be merely temporary, the duration 
of the current is not appreciable in a good conductor, and the 
current is said to be momentary ot instantaneous ; if, on the con- 
trary, the cause by which the tension is brought about continue 
for some time in operation* the current will be maintained so long 
as free electricity is generated and the current is said to be per" 
manent. The momentary current is generally excited by fic- 
tional electricity, and the permanent by electricity by contact, by 
thermo-electricity, and by magneto-electricity. 

The effects produced by a current of electricity are various. 
A momentary current, from a high degree of electrical tension, 
generally displays itself in intense luminous phenomena ; in the 
disruption, combustion, incandescence, and fusion of bodies ; in 
the violent convulsions of the nerves. It also produces feeble 
chemical and magnetic influences. A permanent electrical current, 
on the contrary, is marked by its powerful chemical influence, by 
an intense and permanent excitation of heat, and lastly, by its 
magnetic properties. The permanent electrical current exerts a 
less intense luminous influence, and acts slightly on the nervous 
system. 

The explanation given above is based on the theory of two 
fluids which are supposed to move towards each other. Ac- 
cording to Franklin's hypothesis, it is only the positive elec- 
tricity, or the excess of the fluid in the two bodies, which is 
in a state of motion. This excess be supposes to go over into 
the negative body, t. e. into the body which has less than the 
normal quantity of electricity. 
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§477. 

The velocity with which a current of electricity travels' is 
greater even than that of light itsel£ Wheatstone, in an experi- 
ment, which will be described hereafter, estimated it at 288,000 
miles, being half as great again as that o? light This is the rate 
at which it travels in copper wire, whether its velocity is as 
great in other conducting bodies has not yet been ascertained. 

§ 478. 

Electrified bodies also effect a resolution of the neutral elec- 
tricity in unelectrified bodies into its elements ( + £ and — £), 
when the latter are brought into proximity to the former. The 
distance at which the body originally electrified exerts this in- 
fluence is termed its electrical atmospher-e. This electrical excite- 
ment varies as the exciting body is in a state of tension, or is 
emitting a current of electricity. In the former case, bodies 
brought within the sphere of its influence are themselves put into 
a state of tension ; in the latter, they discharge their electricity in 
a stream. The unelectrified bodies thus put into a state of 
electrical activity recover their original quiescence as soon as 
they are removed beyond the atmosphere of the exciting body. 
The electricity thus excited is said to be inducedy and the process 
is called electrifying by induction. The special phenomena ex- 
hibited by induced electricity will be noticed in the course of 
this section. 



II. FRICTIONAL ELECTRICITT. 

A. Fundamental Effects and Phenomena of Frictional 

Electricity. 

§479. 

When two dissimilar substances are rubbed together, they are 
both brought into a state of electrical tension, conductors be- 
coming electrified throughout their entire surface if insulated, 
non-conductors becoming so only at the parts subjected to friction. 
If one of the bodies be a non-conductor and the other a conductor, 
and the latter be connected with the ground, the former will be 
rendered susceptible of a more powerful, tension. The electrical 
condition of these bodies may be most readily recognized by 



EXPERIMENTS. 1 1 

bieir attracting and repelling unelectrified bodies. A faint lumi- 
lous appearance will also be visible, and the physiological phe- 
omena described above (§ 474.) will be observable, but in a low 
egree. The following experiments will illustrate these pheno- 
lena. 

First Expt. Rub a glass rod, or a stick of sealing-wax, 
. with a woollen cloth, or with a piece of silk a few times, and 
you will observe : — 

I.) Both the nou-conductors which have been rubbed at« 
tract small pieces of paper, feathers, or similar light sub- 
stances, and then repel them. The same may be seen by 
suspending a pith ball by a silk thread and presenting it to 
the electrified body. 

2.) If the knuckle of your hand, or a small brass knob, be 
offered to the surface of the bodies you have rubbed, a snap 
\rill be heal-d, and if the room be darkened a small spark 
will be visible. 

3. ) If the glass rod be large enough a sensation will be 
felt as if spiders* webs were drawn across your face on 
bringing the rod before your eyes. 

4. ) Place the glass rod under your nose, and you will 
perceive a faint smell like phosphorus. 

As the substances named in this experiment are non- 
conductors, these effects will be perceptible for some time, 
even though they may be touched in several parts of their 
surface. (§ 468.) 

Second Expt Hold a metal rod in your band and rub it 
in like manner ; none of these phenomena will be produced 
by it. The metal when grasped by the hand is not insulated, 
the electricity elicited is conveyed by the body of the ope- 
rator to the ground. (§ 468.) The same remark holds good 
with regard to any other conductor ; for which reason, these 
substances were long considered non-electrics. 

But if a metal rod or plate be insulated, by fixing a glass 
handle on it, friction will render it electrical ; if any point 
of its surface be touched, it will at once part with its free 
electricity, because of its conducting properties. (§ 468.) 

Third Expt, To prove that both the bodies are electrified 
by rubbing them together, we must next offer some ex- 
tremely light substance to the cloth or silk with which the 
rod of glass or sealing-wax has been rubbed ; even then, per- 
haps, its electrical properties may not be evident. To verify 
the existence and to measure the intensity of these we must 
use some one of the delicate electroscopes which will be 
described in the succeeding paragraphs, or else the rubber 
must be so arranged that the electricity set free by the fric- 
tion may accumulate itself on a conductox, Fxg, W^. x«^x^ 
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sents an apparatus con- 
Fig, 149. trived for this purpose* 

It consists of a piebe of 

wood, in shape somewhat 
resembling a bat ; on one 
side of which, a 6, scmie 
strips of cloth are &steiied. This is then covered with a 
piece of tinfoil of equal length and breadth, over which is 
placed a piece of soft calf's skin or linen, coated with some 
of the amalgam described in § 482, and then a piece of silk 
is strained over the whole. At one end of the rubber is 
placed a metal knob c, connected with the tinfoil, and in- 
tended to receive the electricity set free in the rubber; at the 
other end is a glass handle g, by which the instrument is 
held. If the cushion be rubbed with a glass rod, the knob e 
will immediately be electrified. 

The attractive and repulsive properties of amber, ^K^itrpov, 
when excited by friction, were discovered at a very remote 
period, and for a long while this was all that was knotvn 
concerning the nature of electricity. It was not till the year 
1600 that the same peculiarity was observed in other bodies, 
and for more than another century the science of electricity 
thus remained in a state of infancy. In the course of the 
18th century it was gradually elevated by several men of 
science to an important rank in physics ; but the most rapid 
advances have been made during the present century, and 
indeed during the last ten or twelve years of it. Since the 
discovery of electro-magnetism the most distinguished philo- 
sophers have laboured to carry out these recent discoveries, 
and to place on a firm and scientific basis a theory by which 
the varied phenomena of electricity may be satisfactorily ac- 
counted for; the completion of this object still remains to 
be accomplished. 

§480. 

Very often the electrical tension excited in a body is of so 
feeble a character, that its existence is not indicated by any of 
the effects yet described. In such cases we are compelled to have 
recourse to a class of instruments called electroscopes, or electrO' 
meters. The former merely show when a body is in a state of 
electrical tension, and what species of free electricity it possesses, 
whether positive or negative ; the latter enables us to measure the 
intensity of the tension. They act in obedience to the universal 
law of electrical polarity (§ 474.), their most essential part being 
some good conductor, which moves very readily as it is attracted 
and repelled. They may be diyided into the following classes ac- 
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cording to the mode of their construction : — I.) electroscopes 
in which only one moveable, light, and insulated conductor is first 
attracted and then repelled ; 2. ) electroscopes in which two such 
conductors, repel each other i^er they- have been impregnated 
with the electricity of the body under investigation ; 3.) those in 
which only one of the conductors moves as it is attracted and re- 
pelled by the fixed one; 4.) those in which a moveable insulated 
conductor is placed between a positively and a negatively elec- 
trified body, so that when it hlis acquired the electricity of the 
body under examination, it will be attracted by that which is 
dissimilarly electrified. In all those instruments which are in- 
tended to serve as electrometers there must be a scale on which 
to measure the repulsion and attraction of the conducting body 
that acts as an index of the electrical tension, and by which we 
may be enabled to calculate the intensity. 

The electroscopes of the first class in most common use 

are the following : — The dectrical pendulum {fig, 

JPig, 150. 150.) consists of a small pith ball, suspended by a 

silk thread. This is a very simple, but not a very 

sensitive apparatus. Hauy*t electrical needle {fig. 

151.) is very much like a common variation 

needle balanced on a point ; at one end of the 

needle a small pith ball is fixed, that portion of it 

which carries jtheNbi^ being of glass, whilst the 

other half, which serves as an equipoise, may be 

made of copper. This apparatus is much more 

sensitive than the other, and is well adapted to show the 

fundamental effect of attraction and repulsion. 

The following instruments belong to the second class 
of electroscopes, and admit of being used as electrometers. 

Fig. 151. 
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CavaHo^s cork or pith-ball electrometer consists of two balls 
of cork or pith listened to two very fine wires, which are 
attached to a conductor that conveys the electricity to them. 
(See /^. 152.) 

Folta'a straw electrometer is exactly like the preceding, 
only that fine straws are substituted for the wires employed 
in Cavallo*s electrometer. 

Bennett's gold-leaf electromeUr is simW&iV^ w«isX.\>iRlv.^^\!Ksi<. 
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poUritJ (§ 474.), th«t 1 
sad unlike repel, we may eanly ascertain of which kind the 
electricity of any particuUr biKly is, by biia^ng it witbin the ' 
duencB of lonie aubtianco whose electrieit; is known, lliis 
abal) proceed to illiutrate in the following enperiments : — 

FiTtI Expt. Electrify two pendulumi (/jr. lsO.),ort 
iieBdles(jffjr-l^l')ibymeBnsDf a gloss rod, which you hare i 
cited by frietian with apieceof Mlkur cord; Ihey will bolb i 
quire the + electricity set free in the glass; it will occordin^y 
repel them, and they will become repuUiie to each ntber. 

IF we use a stick of sealing-wai ia.sleBd of the glan rad, 
precisely iimilar phenomena will be obscnable, but ia tUi 
case the electricity will be — . 

Thus we have ciperimeatally proyed that aimitarly diB- 
Iritied bodies repel each other. 

SiCBmi ExpL Inipiegnate one of these cleetroacopi 
bodies with the + electricity of the glass, and the other wiA 
the - electricity of the sealing-waiL ; the former will bg 
attracted by the negative sealing-wai, and tlie latter by tbe 
poiitive glass rod, and the bodies themselves will be niutoallf 

We have now Terified the second part of the Isw (( 
polar forces, that unlike electricities attract. 

To test the eharaster of the electricity which ia 
Id bodiei that are in a stale of but slight electrical 
WB are obliged to have recourse to a more delicate 
scope than either of those referred tu in the two preee^iiK 
eipcrimentB. The most convenient is B«qu£rel'» piM 
electrometer, (Ji^. 1 ST. ), which allows both the quantitjasd 
the kind of the electricity. In other electrometers we 
obliged, Erst, to impoit tu the electrical bodies the eleo 
city of the body under ioTealigation, and then to teat A 
by means of an excited glass rod or stick of sealing- wait 

Third Bxpt. Rub a gluss tube on a piece of wad 
cloth or silk, rolled up tight, and the glass, If tested b; 
electroscope, will be fiiund to be -i- electrified, and the wo«l 
olotb or silk to be -. These subaUnces have therefore 
quired opposite electricities. It will be found convenient ' 
wrap the «lk or flannel In tblds over a piece of wood in ' 
shape of a bat. 

Fatrih Jixpl. Rub a glass lube up and dawn the rul 
just described, and you will find both the fionnel and 
rilk— electrified ; substitute a stick of sealing-wax for 
glass, and the electricity will he + . 

Rub a smooth glass rod with the hanil, and it will beci 
-l-electrifled ; but if It? surface be rough, similar treatn 
' will render it — clcctticaL 
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Th«e ciperimeiiU prove that Ihe «me 
frictiun, aeqiiin: both + aiid — eketticitj. 

Fifti ExpC PIbUs, about 3 iaches in aiam n 

Ihe substSDce to Le eiamined, or of some oh ma 
which it can he spreud, wilt he found very 
dctermitiiiig tiie elntricitiei liberated on rubb ng w b 
■t>DG« logcther ; the plates must be iiuu)ated by mea 
gUs haaillet. After thcv have bt^en rubbed g Ih h 
plates are to be aeparaKcii and If oiTered toad ei 

meter, it will befound that one of them is + and h oth 
clMlriSed. 
Several amioent men of science have eodeavoiired to discover a 
law, by which we might know beforehant) what would he the 
eleclrieal condition of any two iNidies when rubbed together. 
The following rules seem gcnaralij to bo observed with regiird 
to non-conductois ; — 

I.) The hardat aubatancea appear to be especially iusceplible 
otpeiitirt electricity. 

The diamond, for example, which ia the hardest known 
aobstaoce, U invariably -i- elecirilied by friction, against any of 

bard as amber; the fbnner ia always— elcctrilied, and the 
latter + : other instancei will readily suggest themselves to 
the atiident. 
S.) Of two aimilar aubatancn, that which by friction becomes 
the Iwtttr is ttesativdg eteclrttled, and the eooler one pmitivtly. 

Sitth Ex/A. Hub two silk ribbons together, hy drawing 
one cros^-ways to Ihe other ; that which is drawn lenglhwisf 
will have a 4- electricity, and the other a — . 

Itub a piece of ground-glasa on a polished gloas, the 
former will be — and the latter + electrified. 
It hoi been further ascertained, that of all known substancea. 
a cal't taek ia the mrat poaitively electrical, and n/pAiir pro- 
bably the mom nr^alicefy lo; that is to say, against whatever 
aubtUnce you may rub the former, it always acquires + elec- 
irioity : and the latter as constantly - electricity. All other 
bodies tnay he so arranged between these two extremes, tbit each 
'■\i being rubbed wiili one of the substances, in order below it. 
'Ill acquire + electricity, and ibe body with which it is rubbed ~ 
OLVlricity i and thai the state of tcniion thus induced is more 
|i<>werful, the wider Ihe distance in the series between the two 
Ivjdies, So many ciruumstances affect the electrical propertiesof 
iiiidies, that as yel nn list haa been made out that can be n^rdeil 

i'falTgivea the fallowing list of insulators, beginning with 
ilie most positive ; if they are taken in pairs the first will he 
poiitivB, and the snoceedinj! body negative ; — 



20 AMAtGAM USB OF CONDUCTORS AND NON-CONDUCTORS. 

+ a cat's back, diamond, dog*s skin, tourmaline, glass, 
wool, paper, white silk, black silk, sealing-wax, colophon, 
amber, sulphur—. 

The following is Ritter*s list for the electrical tension of 
both non-conductors and conductors : — 

+ diamond, zinc, glass, copper, wool, silver, black silk, 
grey silk, grey manganeseous earth, sulphur—. 

§ 482. 

The non-conductors, especially glass and resinous bodies, are 
used for exciting the highest degree of electrical tension, by 
rubbing them against some suitable substance, which is generally 
of a soft elastic texture. Experiment has shown, that an amal- 
gam of tin, zinc, and quicksilver (a), mixed with some unctuous 
matter, and spread on silk or leather, forms the best instrument 
for exciting glass ; resinous bodies are most readily aflfected by 
rubbing with the skin of a cat. 

a.) PBster says that this amalgam is best prepared by 
mixing 2 parts of tin with 3 of zinc, and 4 of quicksilver. 
The zinc is to be melted first, then add the tin as soon as 
the mixture becomes fluid, stir it for some time and pour 
out into a wooden box, on the inside of which you have 
previously sprinkled some chalk : the mercury should be 
heated and poured into the box before you add the other two 
metals ; the lid should then be put on, and the box is to be 
violently shaken till the amalgam becomes cool, when it 
may be finely pulverized in a mortar. 
The conductors, and especially the metals copper and brass, 
are used for receiving by conduction the electricity set free in the 
non-conductors ; to effect this, they must be connected with some 
non-conducting substance, most commonly with gl&ss. The con- 
ductor instantly diffuses (§ 468.) the electricity imparted to it 
over its whole surfece, which is put into a state of electrical 
tension; the manner, however, of its diffusion is materially 
modified by the form of the conductor itself If it be a sphere, 
then the tension is equal at every point of its surface ; if its 
dimensions be unequal, the tension will be most powerful in the 
direction of its length, the greatest force being at the extremity 
of the body. Cylinders will serve as an illustration of what is 
meant ; but if the conductor terminate in a sharp edge or point, 
the electricity will so accumulate in these parts, that, unless it be 
extremely full indeed, it will overcome the insulating resistance 
of the air into which it will make its escape. 

The influence which the form of the conductor exerts on 
the intensity of the electrical tension at its surface, may be 
thus accounted for. So long as an insulated conductor is in 
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its natural state of electricity ; i, e. so long as tlie two fluids 
are in a condition of equilibrium, it may be assumed that 
they are equally distributed throughout the body's mass. 
But when either-)- or —electricity is accumulated in a body, 
the single elements of the free electricity repel each other 
and recede until some resistance is offered to their further 
expansion. If now the conductor be perfectly homogeneous, 
no such cause of resistance exists, and the electricity neces- 
sarily accumulates at the surface ; and if it be surrounded, as 
it usually is, by the atmosphere, then the latter will oppose 
the required resistance to the further expansion of the fluid, 
since the air when drtf is a very imperfect conductor. Now, 
if the force be transmitted from the centre, its repulsion will 
obviously be equal in all directions. In conductors of a 
spherical form, the electricity will constantly be spread in a 
film of uniform density, over the surface of the conductor. 
Hence, also, the more the figure of the conductor differs 
from a sphere, the more unequally will the fluid be dis- 
tributed about its sur&ce. The accumulation of electricity 
will be greatest in those parts which are the most remote 
from the middle ; because in them will be the greatest 
quantity of repulsive elements; its intensity will increase the 
more the end of the conductor approaches in form to a point, 
where the electricity will, of necessity, be the most dense. 
But the denser the electric fluid at any particular point of 
\he surface of an insulated conductor, the more readily will 
it overcome the resistance of the air ; hence the electricity 
passes off with such ease from points. 
To insulate a conductor completely, so that it may retain the 
electricity with which it has been impregnated, its figure should 
be free fron^ all points or edges ; even when the best form has 
heea given to a conductor, its tension gradually diminishes ; t. e. 
it suffers a loss of its electricity, and a]^r some time it resumes 
its original condition of quiescence. This loss is owing to the fact, 
that no absolute non>conductor exists ( § 468. ) : those bodies to 
which this name has been given, do but retard in various degrees 
^e escape of the fluid. The atmosphere exerts the most power- 
ful influence on a body's conducting properties, as it is in imme- 
diate contact with every part of its surface; the moister the 
atmosphere, the more rapidly does it convey away tlie electric 
fluid. According to Coulomb's investigations, the loss is equal in 
equal times, the condition of the air remaining the same, and the 
greater the electrical tension the greater the loss ; when the 
tension is but feeble, bad conductors act nearly as well as non- 
conductors. 

Coulomb made use of his electrical torsion balance to 
estimate the amount of this loss. According to one of these 
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•iMttioiliei oombine, and tlie conductor reoorera ite «■((< 

neutral itf. 

Saond Expt. Proteed, is wu have described aboiie, r 

bot)ithcbodie].Tiz.vithIhoinsul3tedcoDductor(a6,J^.15S.] 

and the Jar A ) the return of the former to its state of nid» 

ference will be evident by both the pendulums ^ling dtnm 

If the eoDduDtoi. whilst in a stote of induced eteetncit]r, bt 

touched at any point whatever, it will lose the eleetrioitj rf im 

tMme nime with that of the mducing body; but the AiaarrXtif 

eleetiicity at the end nearer to the exciting body will be in aatrft 

of greiler leniion. Thii phenomenon bos caused the first dm 

tricily which is carried off to be called fne ; whilst the alaf\ 

wbich i> retUDed by the opposite electricity of the inducing bc^' 

i> B^d to be lataiL Remove the conductor in this state bi 

the action of the eleetrilied body, and It will again appear el 

(a1, the whole of its mrfiura being electrilied with the opi 

electridty to that of the inducing body. Tlie electricity held ll! 

■ latent state in the conductor by the action of the other bo^t 

is again u( free, and spreads itself over Ibe wbole surfkee of tbt 

TkirdBrpL Touch the conductor {nt,JJiF. 15S.>with jow 
finger, at any part of its surlkce, and the iicnduliun h W 
lint, whilst thut at a diverges still more widely. Place Ih.^ 
two bodies ^irt, and all the little pendulums attaebed t^ 
the bf>dy in which the electricity has lieen induced aaam ~ 
an equal divergence ; and if the character of the electric 
be teiledbymeansof an elicited glass rod, or stick ofseaHs. 
wax, it will be Ibund to have an opposite polarity to thtti 
Iha Bioiting body ; as represented in the figure, the whq" 
of the conductor would be negatively electrilied. 
Fmm what has been now advanced, it is clear ibat import- 
Ant dlfliircnoos exist between induced electricity and eleotrioityl^. 
eonduDlloni Fori.) Induction occasions no trsnaniission of Qh 
&ue electricity to Ibe other body, and consequently no combiiutiet 
of the j^clvctridtics, such as obtains when electricity is excited tij 
eonductlon -, but the free polar Ibree in the eleciricDl body exnrti 
a tendency to eombiue with its opposite electricity in the body at'. 
whioh Jin inductive influence is exerted. S.) The distance «f 
which elMtrieily acts in this manner greatly cicevds that at w" *" 
ll eetN by conduction ; for in the latter case it is necessary 
nlxolntL' I'Kuinrt 'hniild be established, or, if the tendon of It* 
(tn- rl,i-irii'[|L[^ fir. viTy great, there may be an interval betwetN 
th.' 1^1' 1 1 I, .1.1 11"., if ii lii> JO small that the -I- electricities can nan* 
in,i;/..M.I. uilin II, 111,, stratum of air whSh intervene*. 3.) W 
c the dissimilar, but conduction prDdueel 
. to that of the electrifying body; i.e. al 
•a within Ibe sphere of a positively elcctriBed body's iiuBueiun 



ire negatively electrified. lueh as are within the BtnuHjiherc nf a 
ieg;utEvely eleetnlied body are poutivi;. 

Thus, olthougli an eleclrieal body, icllng by induction on 
mother, sustains no lou as to the quantity of c-lectricily il coii- 
Caini, yet the intensity of i|s electriol tension is materially modi- 
Bed whilst it is in a state of polar activity. The intensity is 
Icaened by just that amount of the free polai force which li 
engaged in attracting to itself its antagonist force; and hence the 
body is enabled to draw still further supplies of electiicity from 
the other body ftora which it has alrtady deiined some by eon- 
duGlion. In other words, during the process of induction a body 
acquires nn additional capaQiiy for receiting fresh electticity, the 
density of which increases in proportion to the quantity added. 
On the mutual relation which thus obtains In bodies electrified 
by induction, depends the construction of those important instru- 
ments which serve to condense electricity and to increase its 
llower. A full description of these will be Ibund in g§ 486-~490. 
The inductive influence of electricity obeys the same laws in 
Kmductors not Lnsulatcd as in non-conductors, but in the former 
U eSecls arc not apparent, an they ore neutraliied bythe con- 
be influence is vitended to but a small distance from the electri- 
ying body ; the resistance to conduction is, of course, the obstacle 
\o its more rapid progress. Beyond these limits an alternate 
ilBte of tension is found, several lonu of induced electricity fol- 
owinft each other, oT which, each succeeding one lies within Ihe 
electrical atmosphere of Ihe preceding, but as Ihe distance from 
he original point of eicitatiou increases, the loncs become 
veaker and weaker until they entirely vanish, agreeably to the 
aw which regulates Ihe decrease of electrieal influence. 

The process of induction may he advantageously applied 
to the use of Ihe eleetroscope and electrometer, if the instru- 
ments, like Beetiufrel'sand Oersted's, are sufficiently delicate 
fi>r the purpose. When brougiil near the electrified body 
they are excited, and the electroscopic substances diverge 
the low oFinduction.wilh the electricity of the 
^ting body. Whilst the instrument is in this slate lay 
IT finger on the conductor, the free electricity will be ear- 
' 0% and the electroscopic substances will no longer ap- 

■ to be affected ; but if Ihe finger he withdrawn, and the 

body, whose electricity you are testing, be also removed, the 
electrometer will again show itself to be in a slate of eicile- 
ment, but with the opposite electricity to that of the body 
under investigation. This may be proved in the manner 
which has been already esplained several limes. The elec- 
trometers named above, and also the torsion balance, will be 
rendered additionally sensitive, by iTopKrtin^ Vo "ft«ro. » 



placed bormiDt>]1<r, and turned about m iti axis by tatua 
of a handle ; immediately undei it ia the rubber, which 
cavers from ^ to J of the taiGme of tbe cylinder, aguntt 
whieh il la praased bjr a Eteel ipring. That the cleclricitj 
set iVee in the cylinder during Iriction may not be dispovd 
in tbe air, a piece of (ilk ia faatened to tbe upper aide of tbe 
cuahioD, eitending aa far as the conduelor, to whicb it cod- 
*ey) the eleciricily it cairiea off Irom the gUa& To eollccl 
tbe electricity set free in tbe ciuhion, tbe latter must be b- 
sulaled upon glaaa legi^ 

The conductor, which ii intended for tbe receptioD of tbe 
electricity IVom the glass cylinder, is called the pomiliM tit- 
dtctar. Iti form, aa baa been stated befbre, is coi 
cylindrical, and its poaitioD ii generally boriioutal, 
stand at right angles with tbe axis of tbe cylinder, inai u 
may leeeiie tbe electricity from tbe whole sur&ee of tbe 
gU&s which is subjected to friction, one end of tbe eooducter 
stands eiactly OTCr the middle of tbe cylinder, baring > 
smaller metal cylinder connected with it, the latter gOif 
lengthwise along the cylinder, and being furnished with 
teeth or points that naariy touch the auribce of the gltM, 
The conductor of tbe cuibion. when the machine is fitted up 
with one, is called tbe ntgativi andiitlor ; it generally con- 
sists of a Urge hollow metal ball, immediately cODneeltd 
by a wire with tbe cushion or rubber. Fiji. 159. 



Fif. 159. 




an electrical machine, with all the parts we I 



Nribed ; G G ii the ^a» cjlindcr, R the rubbar or cushion, 
vhh tlw piece of nlk S, -h C is the poaitiTe, and— C the 
n^Btive eonduetor, ggggtie the glass lega on •hich it is in- 
sulated. 

In the plate-tnaeiiiu, as its nsTne indicates, ■ plate of glass 
is substituted for the cylinder j hd aiii passes through its 
eeotre, the ends of the aiia rest in two sockets in two aji- 
rif^t pillars, betoeen which the pUle ia made lo Terolve by 
means of a handle, which &£tens on to Ihe end of t)ie axis. 
The cushions, against which both sides of the plate ruh, are 
■o filed between the lertical pillars, that they are pressed 
■ ■' These cushions are also 



r plate 



provided with silk flaps, which lit cl 
glass. The handle by which the cirei 
•tands on one side, and on the other Is 
aisting of two arms haTing at their enits small toothed cy. 
linden, which come close to the surtsce of the glosa. If 
tb<sa macfalnes are fitted up with a negatiie conductor, the 
umplest plan will be to place it above the two upright 
piilart which support the niachine. This conductor consists 
of a hollow metal ball, which must be connected with 
the cushions. Fig. ISO. represenls a plale electrical ma- 
efatnei GO is the plate, R B the rubbers with the ulk 
flaps S S, .«■ C is the pou^ve, and — C the negatiTe con- 



Fig. \60. 




Cylinder mashines with equal area of sur&ce, eiposcd ic 



$4 KLECT&ICAL MACfllNX. 



§ 485. 



All the effects of electrical tension hitherto described, lujki 
produced much more plainly, and in a higher degree, by nMMi* 
of an electrical machine^ than in the fundamentid experiinali 
giren in § 479. 

Insulate both the conductors of a machine, and afUr Ai| 
cylinder or plate has been turned round a few times, |^ vi 
both be in a state of high electrical tension, as a quadrant dtt* 
trometer ^Jigs. 159. and 160., placed on the positiye eoodiMM 
would immediately show ; the conductor in conneiion widi Al 
glass is positively electrified, that which is connected witii til 
cushion is negatively electrified, as may be easily seen byif^ 
plying the tests already described. In this state of tension, bfl^ 
the conductors will attract unelectrified bodies held at 
distances from them, and then repel them. So their indued 
influence may be observed on electroscopes at a considerate &■ 
tance. . 

A thread 6 feet long was drawn 6 inches out of the f(^ 
pendicular by Van Marum*s great plate machine at a dii> 
tance of 38 feet from the conductor, and the balls of one/ 
Cavallo's electroscopes diverged \ an inch asunder when 40 
feet from it 

During the revolution of the machine, a luminous appeanuiei 
is very perceptible, accompanied by a crackling noise ; and soul 
sparks are visible in those parts of the cylinder or plate wbiik 
are not covered with the silk flap. 

If the face be placed near the excited bodies, a sensatioD ii 
distinctly felt, as if spider's webs were being drawn across it! 
and very shortly after an electrical machine has been in use^ 
phosphoric odour is strongly perceived. 

If both the conductors be insulated whilst an el 
machine is worked, they will acquire only so much eleotrici^ 
equals the quantity of quiescent electricity which is decom 
by the friction of the glass and the rubber. In proportion « 
free electricity transmitted to the conductors is dispersed in 
air, the intensity of the electrical tension diminishes. To ol 
from the machine a permanent supply of electricity in a 
state of tension, it is necessary therefore, that one of the 
which are rubbed together, should be kept in a state of eli 
quiescence, which is accomplished by connecting it with, 
earth ; if we desire to obtain positive electricity, we shall con 
the cushion with the ground, if negative, the positive cond 
Generally speaking, for experimental purposes we use p 
electricity, which is obtained of greatest intensity by conn< 
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sushion by means of some good conductor) such as a coppec 
or cbiun, with a large mass of metal, such as a water, gas, oc 
air pipe. 

be electricity accumulated in the conductors may be transt 
«d to other bodies in two different ways, according as the 
!r are immediately connected with the conductor, or are held 
3me distance from it. In the first case, the free electricity 
ch is transmitted to the conductor passes on without any 
«ptible mark to the body connected with it, and the body is 
1 in the condition described in § 482. : that is to say, if a non* 
ductor, it is electrified only at the points of contact ; if a con-, 
tor in an insulated position, its whole surface is electrified ; if 
inductor not insulated, the electricity transmitted to it in- 
itly escapes into the ground ; so that neither it nor the con- 
tor manifests the least presence of free electricity. The 
'eetness of the above remarks may be easily tested by the 
Dwing experiments : 

First Expt, Touch an electrified conductor with some 
point of a non-conducting body which you have previously 
marked, test the non-conductor by means of an electroscope, 
and you will find it electrified only at the point which had 
been in contact with the conductor. 

Second Expt, If a person stand on an inauUiting stool, i. e. 
on a wooden stool with glass legs, and place one hand on the 
conductor of an electrical machine which is set in action, a 
person so placed being an insulated conductor of electricity, 
will be electrified in precisely the same manner as the prime 
conductor of the machine. 

Third Expt, Connect the rubber with the ground, and either 

suspend a chain or lay your hand on the prime conductor 

while the machine is being turned round, and the prime 

conductor will show no mark of free electricity, which will 

however be developed immediately on removing the hand or 

the chain. 

But if a body be brought gradually towards the conductor 

lile in a state of electrical tension, the conduction of the elec* 

sity will take place, even before contact happens, with a spark 

ended with a crackling noise or a report. The length of the 

u-k is the greatest distance at which an object can be held 

19 the prime conductor in order to elicit a spark. This species 

Bonduction may be explained by referring it to the inductive 

luence of the conductor on the body which is moved towards 

; those parts of each which are next to the other, as they are 

)ught nearer and nearer together, acquire so violent a degree 

electrical tension, that at last the resistance offered by the in- 

vening stratum of air is overcome, and a spark is elicited by 

i combination of the, + and — electricities ; the Uuf^ln <4 ^^'^ 

D 2 
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the conductor with the wire by means of a chain, and then settiog 
the machine in motion, or else by holding the knob at the top of 
its wire near the conductor, while the machine is at work, and t 
succession of sparks from the conductor to the knob of the ju 
marks the passage of the charge into the latter. The electricity thus 
conveyed to the interior of the jar by induction acts through the 
glass, fixing the opposite electricity on the outer coat, ttod re- 
pelling the similar electricity. If a jar be insulated it can receive 
only such a charge as equals the quantity of dissimilar electridtf 
which can be rendered latent on the outer surface : butiftl:» 
jar be connected with the ground, the repelled electricity 19 con- 
tinuously neutralised, and its decomposition and dissimoladoD 
continues till the intensities of the two electricities (oftlie + 
and — electricities) are such as to overcome the resistanee of the 
glass irlien they will combine. 

The quantity of electricity which can be accumulated in an 
apparatus of this kind is proportional to the area of the metallic 
surface, the thickness and structure of the glass being equal : the 
thinner the glass, or the more powerful the induction of the 
electricity through it, the greater the density of the electrkiky 
that can be accumulated in it, or the more intense the charge; 
sometimes the glass is split, or a hole is made in it, when the 
condensed electricities overcome the resistance it offers to their 
reunion. To experiment with large quantities of electricity we 
employ an electrical battery^ by which we obtain a large amount 
of surface. Such a battery is generally made by combining a 
number of jars of a moderate size, their inner and outer surfiices 
being connected, so that it acts precisely as one large jar would 
whose metallic surface was equal to that of the whole battery. 
The outer coatings are connected by placing all the jars in a box 
lined with tinfoil ; their inner coatings by connecting their knobs 
by means of bent wires. A battery is charged in precisely the 
same manner as a single jar ; that is to say, a stout wire goes from 
the end of the prime conductor to one of the knobs, and the 
bottom of the box is connected by means of a chain with the floor; 
the machine is then set in motion until the charge has acquired 
its maximum tension : it will be known when this point has been 
attained, by a hissing noise proceeding from the wires connected 
with the interior of the jars, and if the room is dark by their 
luminous appearance ; or it may be ascertained by observing 
when the index of the quadrant electrometer on the conductor 
stands at or about 90°. 

If the outer and inner surfaces of a charged jar or battery be 

connected by means of a good conductor, the accumulated and 

latent + and — electricities will combine and neutralise each 

other instantaneously, emitting at the same moment a spark and 

s report proportioned to the intensity of the electricity. The 
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length of the spark is measured by observing the distance between 
the conducting body and the knob of the jar at the time of the 
discharge. 

The Ley den jar, as it is called, was invented by Kleist, 
(I745f) dean of the chapter at Camin, in Pomerania : instead 
of tinfoil, the inside was 611ed with water, and for an outer 
coating, the wet hands were used. A metallic coating was 
afterwards substituted. Sometimes instead of lining the 
inside with tinfoil, the jar is 611ed with iron filings, or 
turnings, or the glass is washed with varnish, and iron filings 
are sprinkled on it. To render the insulation complete, the 
uncovered part of the glass is washed over with a solution of 
shell-lac 

Electrical batteries have this advantage over jars of large 
dimensions, that they can be enlarged or diminished at plea- 
sure, by^combining a larger or smaller number of jars, and also 
that thefractureof a single jar does not put a stop to the use of 
the whole battery, as would happen if one large jar were used. 
Their size may be very various, it will depend not on the 
number of the jars, but on the amount of surface they offer 
covered with tinfoil. The largest batteries ever made were 
those used with V. Marum*s plate-machine (§ 484.); one of 
these consisted of 225 single jars, each having I square foot 
of tinfoil ; it was contained in 1 5 boxes ; another, made 
afterwards, consisted of 100 jars, contained in 4 boxes, and 
presented a metallic surface of 550 square feet. 

"When a number of experiments are performed with jars 
or batteries in rapid succession, the intensity of the charge 
may be estimated by the number of turns made by the 
machine ; the usual mode of measuring is, after all, by the 
length of the spark. To measure this and so at the same 
time the power of the machine, and also to obtain a number 
of successive charges of equal intensities, we use Lane's 
eharging^jar or spark-measurer. It is a jar of the or4inary 

size, having a metallic surface of from } 
a foot to a foot (Jig. 162. ), but to the con- 
ducting wire a & an arm cde is attached, 
the horizontal part cd of which is of glass 
washed over with shell-lac ; the vertical 
part de IS a brass wire having a ring at e, 
in which a graduated bar slides, terminat- 
ing in a ball at o : on this scale the dis- 
tance of the balls, and consequently the 
length of the spark, can be measured. To 
use this instrument connect the end m of 
the bolt by means of a chain with the 
outer surface of the jar you propose to 



Fig. 162. 




42 UESS^S METHOD Of MIASUBIMO A CHAKOX. 

charge. If the knobs o and h are placed very near together, 
a small charge will suffice to combine the + and — elec- 
tricities of the inner and outer coatings, the intervening 
stratum of air being penetrated by the spark ; but if the 
distance be increased, then a more powerful charge will be 
required before the spontaneous discharge will take place, 
ir the same distance is maintained between the balls, the 
discharge will always happen when the same quantity of 
electricity has been accumulated. To test the relative powers 
of two machines, you would place the balls at the same dis- 
tance, and that would be considered as the more powerful 
machine which discharged the jar with the least number of 
turns. Riess used this apparatus as a unit of measure ibr 
estimating the intensity of the charge of a battery. For 
this purpose he insulated the battery, and connected its outer 
surface with the bail & of a Lane's jar, consequently with 
the interior of the latter. Lane*s jar was thus charged with 
the + electricity repelled from the outer coat of the battery. 
The number of the charges made by the jar, Riess took as 
the measure of the quantity of electricity which the battery 
had received from the conductor of the machine. If the 
number of discharges made by the jar be divided by tiie 
surface charged, the quotient will be the density of the ae- 
cumulated electricity. 

The following simple experiment will render visible the 
repulsion which takes place in charging a jar: — 

First Expt. Powder a glass plate or a cake of resin with 
semen lycopodii, and insulate the outer coat of a Leyden jar 
by placing it on this plate. You will observe as each spark 
goes from the conductor of the machine to the ball of the jar, 
that the dust lying on the plate of glass is repelled in rays 
from the periphery of the outer coat of the jar. 

In like manner, several jars may be charged by a single 
one in connection with the conductor of the machine, the 
electricity driven off* from the outer coat of each jar effecting 
the charge of the next, each of the jars being properly in- 
sulated. The following experiment will illustrate this't 

Second Expt, Place the jar A {jig. 163.) on a plate of 
glass or Indian-rubber, so that its knob shall be about 
1 inch or U inch from the conductor. Insulate the jars B 
and C in like manner by standing them on plates of glass, 
h and c. and bring their knobs as shown in the diagram 
within about 1 inch of the outer coat of the preceding Jar ; 
against the outer coat of the last jar C place a conductor D 
not insulated. When a spark is emitted from the conductor 
of the machine to the knob of the jar A, there is emitted a 
spark between the outer coats and the knobs of the other jars, 
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caused by the + electricity which is repelled, and the con- 
ducting body D receives simultaneously the electricity re- 
pelled by C, and conveys it away into the ground. 

Jars are commonly charged with + electricity ; but if it 
is wished to charge them with negative electricity and the ma- 
chine has such a conductor, it is merely necessary to present 
them to the negative conductor instead of to the positive ; hut 
in that case the cushion must not be connected with the earth, 
but in its place the positive conductor must be so connected. 
A jar may even be charged with negative electricity at the 
positive conductor by holding it by the wire which has 
a knob at its extremity, and receiving the spark on the outer 
coat of the jar, or the jar may be insulated, and its outer 
coat be presented to the conductor, and its inner one be 
connected with the earth : in either case it will be seen 
without further explanation that — electricity becomes ac- 
cumulated in its interior. 

As has been already stated, the discharge of a jar or battery 
by means of a good conductor is attended with the emission 
of a strong spark : the discharge may, however, also be ac- 
complished gradually by means of a bad conductor. Alter- 
nately touch with any conducting body the inside and the 
outside of an insulated jar or battery that has been previously 
charged, and each time you will perceive a feeble spark of 
free electricity from each coating, lliese sparks become less 
and less distinct until the electricities accumulated both in- 
side and outside the jar are neutralised, and the discharge is 
copipleted. A jat may also be quickly discharged by pre- 
senting to its inner coating, or, what is the same thing, to the 
knob of the wire that is connected with it, any metallic 
point or a piece of touchwood. The atmosphere also effects 
a discharge whose rapidity depends on the moisture of the air. 
Hence are deduced those precautionary rules which must be 
observed in the performance of electrical experiments, so as 
to avoid a needless expenditure of the accumulated elec- 
tricity. 

If several conducting bodies be presented at once to a jar 
or battery, it will discharge itself by a\Y o? tVieia/YsvY^a^w- 
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tion to their respective conducting powers ; hence, a loaded 
jar may be discharged with both hands without any very 
sensible effect, by holding a chain in the middle in the two 
hands, and discharging the jar by the ends of the chain 
passed between the fingers. 

Sometimes it happens, that during the process of charging 
a jar or battery, it will spontaneously discharge itself; this 
it will do through the glass at some point where it is unable 
to resist the tension of the antagonist electricities, which, in 
their passage through the glass, are occasionally found to 
make a hole through its substance. A jar that has been 
thus damaged is useless for electrical purposes aflerwards. 
A spontaneous discharge does not necessarily cause a jar to 
be pierced, if the stratum of air separating the inner and 
outer coatings be penetrated by the spark, which will hap- 
pen whenever the distance between them is less than the 
length of the spaik answering to the charge at that moment 
contained in the jar. 

The following pieces of apparatus are used to effect the 
easy and safe discharge of jars and batteries : . — 

1.) The common discharger , which is merely a glass handle, 
at the extremity of which are two bent wires terminating in^ 
knobs. They are provided with a sort of hinge, to admit oC 
their being opened to any convenient width. When a jac 
is discharged, one knob is brought to the outer coat, and thS^ 
other is made to approach the knob of the jar. To discbarg»== 
a battery, fasten the chain connected with the lining of thi^^ 
box to one knob of the discharging rod, and bring its othe""^ 
arm towards some conductor that is connected with the inne^ " 
coatings of the battery. 

2.) Henley's universal discharger (Jig' 164.) consists c^^ 
two copper wires a b, which are insulated by being place- 
on two glass pillars ; these wires can be moved freely i—— 

Fig. 164. 




their sockets, and set at any particular distance apart, so ^^ 
to convey the charge through any object laid on the lit*'^ 
table t. The ends b are generally in the form of rings, f^' 
the sake of hanging chains to them ; the knobs at a can ^ 
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removed at pleasure, so that the wires maj terminate in 
points. To discharge a jar or battery bj means of this ap- 
paratus, attach a chain, which is connected with the outer 
coating to one of the rings b ; connect the other ring in 
a similar manner with one arm of a common discharging 
rod, and place its other arm in contact with the knob of the 

jar. 

Even after a discharge has been thus made, you will in- 
variably find a greater or less residuum of electricity in the 
jar or battery. This can be got rid of by repeating the dis- 
charge several times, until the electricity m hich adhered to 
the surface of the glass has been removed. Riess found 
that the quantity of electricity lost by the first discharge 
amounted to |l of the entire charge. 

Faraday and Riess have both, among modem electricians, 
distinguished themselves by their delicate experiments and 
their investigations into the nature and properties of electrical 
charges: the last-named philosopher has, indeed, endea- 
voured to discover the law which regulates them. 



§488. 

^T*he discharge of a jar or battery is the instant when the elec- 
ical forces, in their primary state of activity, pass from a state 

^osion into their secondary condition, known as the electrical 
">•<«?. (§ 473.) The equilibrium which subsisted between the 

electricities accumulated in the inner and outer coatings of 
'^ Jar is destroyed, the two fluids are set in motion, and at that 
^*^nt their neutralization takes place. This electrical action is 
^ied on along the conductor joining the two coatings, and as 
"^^tstone has lately shown, by means of a simple experiment, 
^^ DQovement of the fluids undoubtedly takes place in opposite 
'"Actions from the two coatings. Hence, in fact, there are two 
*''*'ents moving in contrary directions ; that which issues from 
*^ Positive coating is called the positive current, that which pro- 
^ds from the nepative, the negative current. As it might cause 
^^^Usion to speak of both currents, when our attention will be 
^^^tied to one only, we shall say, once for a\\, that when no par- 
^^^lar distinction is made, the positive current is to be under- 
tood. 

^^is current, or the propagation of the state of quiescence, 
J^f so short a duration, that it may be regarded as momentary, 
^^eatstone*s experiment has recently furnished us with an ap- 
^^^ximate measurement of its duration, from which it appears, 
^t in a copper wire it travelled at the rate of 288,000 miles iu 
* Second. 
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The difivrent phenomena which characterize the electrical em*- 
rent, and which we have briefly noticed already (§ 476.), are 
caused by the neutralization of the ± electricities in all bodui 
that form parts of the circuit thus instantaneously traversed.. 

If the circuit passed over by the current of electricity be iota- 
rupted at one or more points, there will be a spark at eadi of 
these intervals, indicating the dir<H;tion taken by the fluid. Tbe 
light is generally white and intensely bright ; under certain cir- 
cumstances it is coloured ; its duration can be estimated only tp- 
proximately by calculation, and is less than the millionth part of 
a second. We may infer, that sensible caloric is combined with 
the light, as the spark in its passage consumes substances wludi 
can be burnt only by the application of a considerable heat. 

If other non-conducting bodies, besides the atmosphere, form t 
part of the electric circuit, and if the resistance they offer to 
the combination of the ± electricities be less than the force, with 
which these tend to unite, then the bodies so interposed will be 
penetrated by the electric spark which, in its passage, will sud- 
denly expand them, or even cause a disruptiop of their part^ Ib 
such cases, the electric spark exhibits, on a small scale, the same 
phenomenon as the lightning displays on a grand scale in the 
electrical processes of the atmosphere. 

If the ± electricities resume a state of quiescence in conductor! 
which offer an inconsiderable resistance to their combining, they 
disappear as electricity, without any luminous or thermal phe- 
nomenon being developed. If, on the contrary, the conductor 
has a high retarding power, in proportion to the quantity €i ±, 
electricity which is to be neutralized, then the temperature of 
such a body will be raised, and the greater the resistance it op- 
poses, the greater the heat it will acquire ; so that even the 
hardest substances become incandescent, or are fused, or are even 
driven off in vapour. 

Another purely physical property possessed by the electrio 
current is its power of affecting magnets within a certain dis- 
tance. This influence is displayed, partly by its disturbing the 
state of magnetic equilibrium, and partly by attracting and re- 
pelling magnetic substances. As the effect produced is only 
momentary in its duration, these phenomena are not so charae^ 
teristic of the electric current as when caused by the permanent 
current which contact electricity generates. For this reason we 
merely notice the well-established fact, that the momentary eleci 
trie current has this magnetic property, reserving the closer con- 
sideration of the subject to that section of this work which treats 
especially of electro-magnetic phenomena. 

The momentary electric current is further characterized by 
peculiar physiological effects, exciting convulsive movements in 
anjr living animal that forms a part of the circuit. At the inst|iD( 
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e current is transmitted throogfa the Inune the nenrcs are ex- 
ted, and the muscles contract with more or leM violence, and 
en after the death of the animal these movements contiuue to 
perceptible. 

If the current be transmitted through any imperfect conductor, 
pecially through a moist substance as water, its propeities are 
aterially affected. The spark accompanying the discharge of a 
r into sach a body is short, dim, generally of a violet colour, 
id unattended by any report. If the human body form a part 
' the circuit, the current excites no muscular contraction, but a 
>culiar pricking sensation. It is remarkable that gunpowder 
n be ignited only by such a current as this ; when a »park is 
Euismitted from a good conductor, it has no effect on the 
>w^der. 

Lastly, the current possesses chemical properties decomposing 
to their constituent elements, such chemical solutions as admit 
' being easily resolved. The efiects thus produced are not very 
>irerful, as a continued current is required to effect most chemi- 
i decompositions, and we can obtain only an approximation to 
by transmitting a rapid succession of sparks through the so- 
:tion we wish to resolve into its elements. 

The principal experiments for illustrating the above-named 
properties of the electric current will be described in § 491 
—500. 

Wheatstone found in bis important experiment, that when 
a Leyden jar was discharged by means of a long copper 
wire, the continuity of which was interrupted in the middle 
and also near to the coatings of the jar, that the sparks ap- 
peared simultaneously at the ends of the wire, but that in 
the middle it appeared later. Hence he inferred, that an 
electrical stream issued at the same instant from both the 
surfaces of the jar, and that they met a little after in the 
middle of the wire. The ingenious contrivance Wheatstone 
then adopted, enabled him to measure the velocity with 
which the light travelled, and also the time it continued 
visible. The breaks in the conducting wire of his apparatus 
were placed in a straight line, so that the break in the mid- 
dle of the wire was between the other two ; exactly oppo- 
site he placed a small metallic speculum, in which he could 
view the images of the three sparks ; the mirror was made 
to revolve with great rapidity about an axis parallel to this 
line. Now, as the image of an object seen in a mirror ap- 
pears to be prolonged, if the mirror be turned on an axis, it 
is obvious that the rotation of Wbeatstone's mirror gave to 
the three sparks the appearance of three parallel lines, which 
would of necessity begin and end at uneven points, if there 
were any perceptible interval of time between the images of 
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the sparks being received on the mirror. Tlie importaot 
result was now obtained, that when the velocity of the mir- 
ror's rotation was small, the position of the lines was even, 
thus, -- — ; but when the rate at which it turned 

was sufficiently accelerated, they assbmed this appearance 
— , when the mirror revolved towards the right 

hand, and ZZ^^^^— if towards the left; but under no cir- 
cumstances did the lines stand thus — — , as thej 
must have done had the current been transmitted from (me 
extremity of the wire to the other ; and had its passage oc- 
cupied any perceptible space of time. From a consida- 
ation of these facts, this philosopher inferred that they did 
not admit of being accounted for on the supposition that a 
single fluid traversed the wires, but that we must assume 
that two fluids enter the opposite ends of the conductor at 
no perceptible interval of time, but that they traverse half 
the length of the wire in a space of time that admits of bebg 
measured. 

Again, as according to catoptrical laws (§ 291. S.), the 
image of an object in a revolving mirror has twice the 
angular velocity of the latter : it follows, that if the mirrM 
in one second makes a revolutions, the image of the spark, 
supposing it also to last 1 second, would make 2 a, S&fi. 
If the image of the spark make an arc of b degrees, it would 

have continued luminous of a second. When tiie 

720a 

mirror was made to revolve 800 times in a second, tbe 

image of the spark at a distance of 10 feet, appeared to an 

eye placed close to the mirror, to make an arc of not quite J 

a degree in length. In this case the arc of the spark &, mad 

be less than ^ a degree ; and as a = 800, the duration of such 

spark must be less than * , t. e. rather less tbtt 

*^ 720 . 800 

0*00000087 of a second Of this instantaneous but in* 

tensely powerful effect of the electric spark, any person may 
satisfy himself by looking at a disc by this light ; the diae 
should be made to revolve so rapidly, that the images de- 
picted on it cannot be distinguished with an ordinary degree 
of light because their impressions become confused in the 
eye. (§347.) Viewed by the illumination of an electiie 
spark, such 9. disc seems stationary, and the objects painted 
on it are seen in their true form and position. If one of 
Newton*s coloured wheels (§ 324.) be viewed in the same 
manner, the individual sectors will be seen of their funda^ 
mental colours, notwithstanding its rotation ; vibrating cor& 
seem to be in a state* of repose in their undulations; and • 
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succession of drops which generally appears to the eye a« a 
connected stream, is seen to be but a series o( drops, because 
the impression of each image lasts finr so short a time, that the 
position of the moving bodies is not altered. The following 
experiment will confirm what has been just advanced : — 

ExpL Place the two balls of a univenuU ducharger (fig. 
164. ad) about an inch asunder ; connect one of the wire^ by 
a chain with the conductor of the machine, and the other in 
like manner with the ground. As the machine is turned 
round intensely bright sparks will paa« at intervals from one 
of these balls to the other. A small Lane's jar may l>e uHrd 
instead, and thus a still more intense spark will be obtained. 
— If a rapid rotation be imparted to a parti-coloured disc, 
or to a spiral wire held near the place where the diiicharge 
takes place, the phenomenon described above will be plainly 
observed as the sparks are emitted. 

The length of the wire, along which Wheatstone con- 
veyed the electric current, was \ an English mile ; to go 
over half this distance, or ^ of a mile, it required about 
0*00000087 of a second; whence it followi», that its velocity 

in I second was 3 of a mile, or 288,000 miles. 

0-00000087 

Wheatstone announced his important discovery in 1 835, 

in a lecture which he read before the Royal Institution. 



§489. 

Another kind of apparatus, called a cond!pn«er, depends, like the 
^yden jar, on the induction oi electricity, and on its being held 
1 a latent state. This instrument is used to detect the presence of 
lectricity, and to determine its kind in bodies where it exists with 
low a degree of intensity, as not immediately to affect the most 
ensitlve electroscopes, requiring to be collected and condensed 
efore it gains a sufficient degree of tension to cause the elec- 
roscopic bodies to diverge. 

It consists (fig, 165. ) of two circular discs 
of copper or brass, c e, 5 6, whose touching 
surfaces are highly polished, and between 
which some feeble non-conductor is inter- 
posed : this may be either a thin film of air 
retained between the two plates by three 
drops of sealing-wax being so placed "near 
the edges of the plates as to keep them 
asunder ; or else their surfaces may be done 
over with a thin and uniform coat of var- 
tsh. Pfaff recommends that amber variush be us^d. fox \.Vi\& 

VOL. IZL X 
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purpase, as being a good insulator, and less liable to be abraded 
than other varnishes. The upper plate c^ is called the coBerfor, 
the lower one b the bate. Both are fiimished with glass stem 
m N, so that the collector, by means of the handle m, may be 
JeUched in an insulated state from the base. To connect tbe 
base with the ground, attach a chain to the wire h a, having i 
knob a at its extremity. — Some bad conductor, such as white 
marble or dry polished wood, will do for the base instead of 
metal ; the collector then will not require to be Tarnished, and 
the connexion of the base with the ground may be dispensed 
with. Instruments made in this manner act more imperfectly 
than the others. 

The apparatus is thus used : — Place on the collector c, or 
connect with it, the body whose electricity you wish to investi- 
gate ; touch the ball a with your finger: the electricity thoi 
transmitted to tlie collector acts by induction through the tlun 
non-conductor on the base, and confines its opposite electridty ini 
latent state, repelling at the same time its similar electricity. 
As now the base is coimected with the ground, a constant supply 
of neutral electricity is conveyed to it, which in its turn uIxie^ 
goes a similar decomposition. This process lasts until die 
condenser has received the full charge answering to its mabet 
Raise the collector, which you lay hold of by its glass stem i^ 
suddenly, keeping it parallel with the base* and the latent ele^ 
tricities will be again set free. The electricity of the body under 
examination will have accumulated itself in the collector, and 
the dissimilar electricity will be found in the base. Present tbe 
collector to any delicate electrometer or electroscope, and ti* 
accumulated electricity will be measured. 

The most convenient arrangement is, when the base is screwt' 

on the conductor of a delicate electrometer (ex. gr., Bennettl^ 

Oersted's, or BecquerePs, § 480.), in which case the mode of t^ 

perimenting is slightly different. The body to be examined ii 

})ut into immediate contact with the under plate b (Jig. ]5S.)^ti 

which, for this purpose the metal pin with the ball is attacM 

and by means of the finger you connect the condenser with A> 

ground. After the electrical body has remained a sufficient tiol 

in contact with the ball a, it is to be removed, and theconduetff 

c lifted up by its glass stem, by which means the electromettf 

immediately shows the electricity set free in the lower plated 

In til is case, the apparatus is exactly reversed from what it w* 

in the other experiment, the lower plate being the conductor •* 

the upper the bai^ ; however, the latter may be put in contl< 

w.t , the body under examination, and the lower can be connect* 

w tl, the ground, m which case '^ is readily seen that theel««» 

meter must mdicate the opposite, electricity. 

r/ioagh in most cases v^ »imp(e condimaer of the 1« 
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described vill be sufficient to condense the sensible elec- 
tricity, or to impart to it the requisite degree of tension, 
y^ this does not always happen. A second condenser with 
smaller plates must then be used, to which the electricity 
already accumulated in the greater one may be transmit- 
ted and condensed a second time. This double condensery 
originally invented by Cuthbertson, and since simplified by 
Peclet, consists of three discs of plate-glass, the whole sur- 
fiuse of which is covered over with leaf-gold. The lowest, 
which we will call a, is attached to the conductor of an 
electrometer, and its upper &ce is varnished over : the second 
-plate b lies on this, and is varnished on both sides. A small 
copper gilt stem is fitstened on one point of its circum- 
ference, and in the middle it has a glass handle like a 
common collector. The third plate c, which is to come on 
thu second one, is varnished only on the under-side ; it has a 
hole drilled through the middle, and is furnished with a glass 
tube which incloses the glass stem of b, but is rather 
shorter than it. This double construction effects the re- 
peated condensation in the following manner : — Lay the 
body to be examined on the upper plate c; touch the 
middle one & so as to establish a connexion between it and 
the ground; lift offc, and touch a in a like manner. Re- 
place e, touch it again with the body and repeat the former 
process, until at last, by means of the glass pin, the plates b 
and e are lifted up together, when the whole of the elec- 
tricity accumulated in the undermost plate becomes sensible, 
as may be seen by the divergence of the electroscopic bodies. 
Since brass and copper plates can, by the galvanic pro- 
cess, be so readily gilded or covered with platinum, it will 
for many reasons be advantageous to use such discs instead 
of glass plates. 

Volta, in 1783, invented this apparatus, which is of great 
value, as by means of it the existence of sensible electricity 
has been discovered in many bodies on their being brought 
into contact with each other, as also in many chemical and 
atmospheric processes, in which the presence of electricity 
could not have been detected by any other mode. 



§ 49a 

The electropliorus is also an apparatus invented by Volta, 1775, 
hicb possesses the property of maintaining for a length of time, 
y its inductive process, the electrical tension which friction had 
Kcited in a non-eonductor. 

It consists of two principal parts, viz. of a common <^\<ivi\ax 

E 2 
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level disc of resin (htfig. 165a. ) and abnw 
Fig, 165 a. plate a ; the cake of resin which lies in 

a metal mould, or plate, is the base of ^e 
electrophorus; andthebrass>plate,wbi(li 
should be p^fectly round aiid smootbi 
is insulated by means of a glass baodk 
g. This instrument is thus used:*' 
The resin is rendered negatively dtt* 
trical by friction with a cat's skin. The sensible electrieitf W 
acts by induction through the mass of resin, which should notbi 
more than \ an inch in thickness, reducing to a latent state > 
quantity of + electricity on the opposite side correspondiagtoiH 
own attractive force; by this means both the— and + elec^i^. 
may be retained in a latent state for months or even yearsi *< 
the brass plate be laid on the cake of resin, it also is rendcni 
electro-polar by induction. In this state the following j^Mt^ 
mena may be observed in the electrophorus : — 

Expt. 1.) Lay the brass plate on the resinous soi6ii^ 
touch it with your finger, and a small spark will be emitw 
from the brass. This is owing to the — electricity beiM 
repelled by the induction of the cake ; the + electricity « 
the brass, on the contrary, is held in a latent state by the' 
electricity of the resin. 

2. ) A similar effect follows if the base be insulated, tbt 
resin rubbed, and the finger laid on the mould or frame tb^ 
contains it. In this case it is the + electricity of the noulA 
which is rendered sensible by the induction of the undc'' 
surface of the resin. 

3. ) Touch the brass plate so as to carry off* its — electricitff 
lift it up by the glass handle, by which means it wiU i* ; 
insulated, and it will emit another spark. Now the4'ele^{ 
tricity is rendered sensible, which was before held in a Utcfi^ 
state by the resin. 

4. ) Raise the plate again in an insulated condition by ^ 
handle, without previously touching it, and if the appanto* 
is in good order it will not be at all electrically exeite» 
TThis is owing to the + and — electricities, which had be** 
kept asunder by the inductive influence of the resin, tff^ 
bining, and thus neutralising each other after the brass ^ 
been separated from the resin. 

5.) Replace the brass plate, touch the mould with yoj 
thumb, and lay one finger on the brass plate, and you ^ 
experience a slight shock in your hand. By this cooti^ 
the — electricity, of the plate being repelled is countera***] 
by the + electricity of the mould, the antagonist flu^ 
meeting in your hand. Now raise the plate by its g^ 
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handle, thus insulating it, and the + electricity it contained 
in a latent state will be emitted with a spark. 

That the dissimilar electricities are rendered sensible in 

the manner just described, may readily be shown by a 

Becquerel's electroscope. 

From all that has been advanced, it is evident that the 

^eetrophorus acts precisely in the same way as a Franklin's 

^te (§ 487.) ; it may therefore be charged like it, by conducting 

^* gr, —electricity to its brass plate; the fluid will then adhere to 

te surface of the resin just as if it bad been excited by friction. 

An electrophorus may also be used instead of a small electrical 
tschine, as we can draw sparks jfrom the plate when lifted up, 
her it has been put in contact with the cake, in precisely the 
iQie manner as from the positive conductor of a machine. This 
^y be repeated indefinitely, by replacing the plate so as to 
>tablish contsu;t between it and the resin, and then removing it : 
^ ensure that these surfaces do actually touch, lay a piece of 
^»£mI on the cake, which will cause the sensible + electricity of 
)Q mould to combine with the— electricity of the plate each 
"Qoe the latter is replaced. That the electricity of the resin is 
ot carried off and weakened, may be thus accounted for, that it 
^ not by conduction, but soldy by induction on the neutral 
'ectricity of the brass plate. 

The power of an electrophorus depends on the size, hard- 
ness, thickness, and polish of the cake of resin, and on tlie 
accuracy with which the under-surface of the plate fits it ; 
the most important point to be attended to is the quality of 
the resin. Robert says that the best composition is 10 parts 
of gum-lac, 3 of colophon, 2 of white wax, 2 of Venetian 
turpentine, and \ a part of pitch ; an electrophorus thus 
prepared will both give out a large quantity of electricity, 
and will also retain it for a length of time. Ffaff' recom- 
mends a mixture of 8 parts of colophon, 1 of gum- lac, 
and one of Venetian turpentine. As a good electrophorus 
retuns for a long time the electricity rendered sensible in it, 
it is frequently used for igniting a jet of hydrogen gas in 
Volta's inflammable air lamp. 

D. THE PEINCIPAL PIBCKS OF APPARATUS USED WITH AV ELKCTRICAL 
MACHINE POa THE PEEFOR»IAMCB OF EXPERIMENTS. 

§491. 

Having become acquainted with the laws of electricity and 
^th its fundamental properties and modes of action, as also with 
^ construction and use of the most important kinds of electrical 
'PPUBtus, we will now proceed to describe some oi iVve <:\v\&^ 

E 3 
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experiments in electricity, which may flerre to illustrate and cod- 
firm the explanation already giren. Some of these experiments 
can be performed by means of the electricity of the conductor of 
an electrical machine in full work, while others will require a 
greater quantity of more intense electricity* for attaining whidt 
we shall be obliged to use jars and batteries. 

I. Electrical motioni generated by the attraction and repidaoB 
of electricity in a state of tension : — 

JExpt, 1.) The dancing Jigwes and piik haB$, Tbe ip* 
paratus employed in this experiment consists of a rooni 
metal plate (aa,fy. 160.), suspended from the condoeMr 
of the machine ; 66 is a similar plate placed beneath the 
other and parallel with it ; 66 is connected with thegronidi 
c c is a glass cylinder between the two. By tunuiig Ae 
machine, a a becomes + electrified, and 6 ft by induetioi 
negatirely so. Some light bodies, pith balls or pith figiRii 
are laid on the lower plate, and as they beeome excited fivf 
are alternately attracted and repelled. The figures may d» 
be made to dance, by holding a common bell glass over Ae 
end of the prime conductor for some time, whilst the msdnt 
is in action, and then placing it on a plate contaimng ^ 
figures, the metal plate being in connection witb tfci 
ground. 

spider. In fj, 166., L lepi es fl* 
the Leyden jar, to the outer coition 
of which a wire is attached, hsring* 
knob b at its extremity. If the jar bi 
charged with positive electricity, a iit 
electrified, and b^. Any light soIh 
stance, such as a spider or other Ufft 
cut out of pith, suspended' betwctt 
these two balls, provided also that it 
be insulated, will be alternately at- 
tracted and repelled by a and h until 
the jar is discharged. 
S. ) The electrical seesaw {abjfig. 167.) is a small strip 

of wood covered over withiil- 
Fig, 1 67. ver leaf or tinfoil, insulated QD 

c like a balance. A slight pic* 
ponderance is given to it i^ <^ 
so that it rests on a wire having 
a knob m on its top ; p is* 
similar metal ball tamloledL 
Connect /> with the interior, asd 
m with the exterior coating of the jar ; charge it, and the see- 
saw motion of a 6 will commence from causes similar to those 
which excited the movements of the pith figures. 



2.) The electrical 
Fig. 166. 
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I is a bar of metal, 
bells, b^b, hang. 
and between them Ifae clappers, cc. 
The IkII a ia attached to a u-ire. hut 
the olber tvo bb, hiiK the chippeis c c, 
aie suspended by silk thieaiis ; the 
bella 6£are further connected KJIh 
the ground by means of chains. 'Iliis 
apparatus is either fastened by the 
bell a to the conductor of a Leyden jar, 
or else it is hung by the ring r to a 
chain aitBched lo the prime conductor 
of the machine. When the Jar is 
charged, or the macbiii 
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5.) The tttctrical cotton. A hank of ci . 
ftather, suspended by a thread from the prime conductor, 
expands in all directions when the machine is set in action, 
the fibres seeking for some object connecteil ivilh the earth. 
Present a needle or any pointed thing to them, all the ends 
of tbe cotton or feather will be dran'n together lonards it, 
away from the conductor of tbe machine ; a bundle of silk 
or glass threada would act in a similar manner. If a person 
■tand on the insulating stool, and lay his hand on the con- 
ductor whilst the machine is at work, the hair of his head 
will stand out in the same way. In this instance the ^mi- 
larly electrided parts of a body ate mutually rtpulsive. 

6. ) Tlu eitOrical ikmoer. A jet of water from a small 
Hero'a ball or a syphon, insulated and connected with the 
prime conductor, tails down in a fine shower. A very 
aimple iiiodi6catian of this apparatus is represented in 
fy. 159. a is a metal cylinder hung by a chain from the 
prime conductor; vater is poured Into it, which is convcjed 
away by tbe glass ayphon b, and the stream is dispersed into 
tbe flnest rain as it descends, wben the machine is set to 

7.) "Ha electrical aind. The Bame of a candle held near 

to a point or small ball attached to the prime conductor, 

will be extinguished by the current of 

Fip. 169. electricity, caused by the repulsion of the 

-~ ~ ' electrified air, 

8.) TUtlectncaljiy-aketl. A metal S 
or cross (jig. 169.) turning on a point 
which is fixed on the prime conductor, 
or on the knob of B Leyden jar, revolves 
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on the same principle as Segner*8 water-wheel (§ 165.)i ff 
a« the steam ball or aeolipila (§ 419.), in an oppoute di* 
rcction to that in which the electricity issues. 

§492. 

II. Difference observable in the + and — deetrieities, ibovii 
partly by their luminous appearance, and partly by their mcdn- 
nical effects. 

Expt, 1.) The electricity emitted firom a small biDt 
or from a rounded point attached to the prime condiKtor, 
radiates in a stellated form, with a reddish blue li^ 
That discharged from a similar knob or point (^then^sW 
conductor is seen as a luminous point or star. 

Bring a pointed body near to the positive conductor, lad 
you will have a luminous speck, offer it to the negative eoo- 
ductor, and the light will be seen to radiate in all direetioBL 
Hence it appears that wherever one of the electricitiei '* 
sensible, the other is always attracted to it, and, consequential 
that none of the electricity is absorbed in the points w\aA 
are brought together, but that + electricities are mentf 
brought into a state of quiescence. 

2.) Discharge a positive spark on a polished robi^ 
surface, from the knob of a loaded jar, and on another p^ 
of the same sur&ce discharge a negative spark ; the + and* 
electricities will be retained, in a latent condition, oa Ai 
spots against which they were respectively directed. NoK^t 
sprinkle the resin with semen lycopodii, flowers of suIpbA 
or any similar substance, and particles of the dust will ^ 
attracted and retained by the electricities. Blow'away tb* 
rest of the powder from the surface of the resinous bodyt 
and at the spot which was positively electrified, you will tt 
a radiant star-like figure ; at the negatively electrified ip^ 
there will be merely a round clouded speck. These figiur^ 
have been called from their discoverer, LichUtiberg*s fywr*^ 
— Use of metal rings or bells in electrifying the resino'** 
cake. — Letters or other figures depicted by means of a I^^". 
den jar. — Utility of warming or even melting the surface ^ 
the cake be^re the experiment is performed. 

3. ) £lectrify in a similar manner a cake of resin, positive*} 
in some places and negatively in others, and with a tO*^ 
piece of linen spread over it a mixture of fiowers of sulpb|^| 
and red oxide of lead. The positively electrified spots i^^ 
be yellow with sulphur, and the negatively electrified will ^ 
red with the lead. In consequence of the friction caused 1'^ 
the linen rag, the sulphur attracts the — and the lead the "^ 
electricity; the dissimilar electricities are accordingly repell^ 
from those particular spots. 
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4.) Place two Leaden jars of equal stxe, the outer coat of 
one being positirely, and that of the other uegatively 
electrified, from 3 to 4 inches asunder on a glass plate, the 
upper side of which is i^rinkled with semen lycopodii, and 
the under-sur&ce coated with tinfoil. Connect the two 
inner surfiwes of the jars by a common discharging rod, and 
a spark will be emitted from their outer surfaces. After 
the discharge, the figures of their respective electricities will 
be visible in the dust around the jars, and all the dust will 
be driren away from the path traversed by the spark. This 
path is generally traced over with positive figures from the 
positive coating, and with n^ative figures from the negative 
coating. These marks disappear near the spot where the two 
fluids meet, and at the point where the + electricities com- 
bined to form O electricity, there is frequently to be seen 
a large round speck, bounded by no figures whatever. 

§493. 

III. Electrical Iwninous phenomena invariably occur, as we 
ilready know, where the + electricities combine in their passage . 
hrough the air. They appear as a dim light or glimmer pro- 
ceeding from the electrified body, when the neutralisation of the 
two fluids is effected immediately by the air itself, as is the case 
when a current of electricity is emitted from points or small 
knobs ; but when the current is transmitted through a good con- 
doctor, a spark is emitted at every point where the continuity of 
the conductor is broken. The intensity of the electric light 
dq)end8 partly on the density of the accumulated electricity, and 
P>>^ly on that of the gas through which the spark passes ; the 
J^J8er the medium, and the more intense the electricity, the 
lighter and shorter will the spark be. In rarefied air the light 
*^ longer, broader, and less powerful ; it also assumes a rose or 
yolet tinge ; its hue is further afiTected by the nature of the con- 
*Juctor through which the current is transmitted. When sent 
through gold it is green ; through silver, red ; through tin or 
^^ white ; through water, yellow, inclining to orange. On 
these difierent peculiarities depends the construction of a variety 
9' electrical instruments, by means of which the most surprising 
^ beautiful luminous effects are produced. Want of space 
prevents our briefly describing more than a few of the principal. 
Expt. 1.) The spangled rod is a glass tube some feet in 
length, on the surface of which spangles of tinfoil are 
pasted in a spiral form, a small space being leH betw.een each 
spangle and the succeeding one. A spark transmitted along 
such a conductor appears at the same instant at all the 
intervals. 
The luminous names, stars, and other figures ate made 
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on the same principle ; they are Ibmied by pasting strips of 
tiufoil, having breaks in its continuity at the proper places, 
ou a square of glass, along which a spark is sent fircm the 
prime conductor. 

2. ) The spangled pane is merely a Franklin's platt (§ 
487. ), one of whose coats is cut up in small squares. ^'^leB 
the plate is being charged, sparks fly in various directions, 
somewhat like lightning, between the squares of tinfoil ; 
this is owing to the induction of the electricity. Whoi the 
plate is discharged, the rays from the point where the dis- 
charge is effected shoot out like the solar rays. 

A spangled jar is made by pasting the outer coating in i 
similar manner, of distinct pieces of tinfoiL 

If the spangles be alternately of gold and silver les( the 
sparks will have all the colours of the rainbow. 

3.) The electrical aurora borealis. — Procure a glass tube, 
two or three inches wide and a foot or two in length, and dose 
its ends perfectly air-tight with brass caps. A pointed wire 
should be fixed in the interior surface of each cap ; on the 
outside of one of them there should be a knob, but the other 
should have a communication closed by a valve, contrived so 
that it may be fitted on to the plate of an air pump and the 
air within the tube be exhausted. Connect the knob of the 
one cap by a chain with the conductor of the electrical 
machine ; and if the tube be set in a vertical position, with 
that knob uppermost, when the machine is worked tliere will 
be a vivid representation of the northern lights, modified 
according to the degree of rarefaction attained by the air 
within the tube. If the exhaustion is nearly perfect, the 
whole length of the tube will be of one violet red colour ; if 
a small quantity of air be admitted, luminous flashes will be 
alternately emitted from the points fixed to the inside of the 
caps. As more and more air is admitted, the flashes, which 
glide in a serpentine manner down the interior of the glassi 
will become thinner and paler, until at last the electricity 
ceases to flow through the column of air, when there will 
be merely a glimmer about the points of the wires. A simi- 
lar phenomenon may be observed in the Torricellian vacuum 
of a barometer, if the electricity be excited in the interiot 
surface of the glass by continued agitation of the mercury* 

§ 494. 

IV. A phosphorescent light is emitted by passing a dischar^^ 
over the surface of many imperfect conductors, especially of 8uc» 
as belong to the mineral kingdom. Opaque bodies, and parties*' 
larly fruits, are rendered luminous for a short time during ^^^^ 
passage of a charge through them. 
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Expts, 1.) The following substances are rendered phos- 
phorescent for some time by the transmission of an electric 
spark through them ; they acquire various colours, viz. ; — 

White chalky phosphorescent, orange. 
Rock-crystal, at first red, then white. 
Sulphate of bary tes, bright green. 
Calcined oyster shells, the prismatic colours. 
Ditto, with sulphur, a steady bright light. 
Amber acid, green. 
Loaf sugar, green. 

Henley*s universal discharger will be found extremely 
convenient for perfonning these experiments. The substance 
through which you wish to pass the cHarge is to be laid on 
the stand between the wires a a, Jig, 164., connecting them 
at the same time with a Lane's jar. Jig, 1 62., having a sur- 
face of a square foot, or a foot and a half. These two pieces 
of apparatus will be found of great service in the following 
experiments : — 

2.) Place a small melon, citron, apple, or any similar 
fruit, on the stand of the discharger ; arrange the wires so 
that their ends are not far asunder, and at the moment when 
the jar is discharged the fruit becomes transparent and 
luminous. 

One or more eggs may be treated in the same manner, if 
a small wooden ledge be so contrived that their ends may 
just touch, and the spark can be sent through them all. 

Send a charge through a lump of pipe-clay, a stick of 
brimstone, or a glass of water, or any coloured liquid, and 
the entire mass of the substance will for a short time be 
rendered luminous. 

As the phosphorescent appearance induced is by no mean<i 
powerful, it wUl be necessary that these experiments should 
be performed in a dark room ; and indeed the effect of the 
other luminous electrical phenomena will be heightened by 
darkening tlie room. 

§495. 

V. Mechanical effects of the condensed spark discharged from a 
^denjar, or an ekctriccU battery. — The electric current exerts a 
-onsiderable mechanical force, in its passage to a good conductor, 
'^ough such bodies as are either-non-conductors, or bad conduc- 
f*^ c^ electricity, expanding, splitting, piercing, or dispersing 
'^CQi. If these bodies are liquids, as air or water, their particles 
"^thrust aside ; and if contained in vessels, the effect produced 
' ^6 aame as if they had suffered a momentary expansion. 
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Fig. 17a 




Fig. 171. 




Expts. 1.) Kinnersley't deetrieal thermometer (Jig 
well adapted to show the momentary < 
of the air when penetrated by ai 
charge. The glass tube. A, is air- 
communicates with B, which is ope 
a coloured liquid stands at an equal 
the two tubes. When a spark passes 
&, the liquid in B will be seen to r 
instant. 

2.) Close the aperture in a smal 
vessel, by inserting a cork or a 
wood that fits exactly ; let ther 
wires passed through, whc^ points 
a quarter of an inch asunder; t 
charge along them, and the co: 
forcibly projected. 

3.) Fill up the cavity of 
cup, mentioned in the precedii 
ment, with sand or gunpowder 
passage of the spark will be fou 
perse the latter in all directions. 

4.) Water suffers so sudden an expansion that tl 
tubes are burst if filled with it, and a spark is ti 
through the tube, from a wire at one end, to a sii 
almost meeting it from the other end. 

5. ) Place several cards together between the 1 
universal discharger, along the wires of which sen< 
from a jar presenting a surface of not less than o 
foot ; if the charge be pretty strong, the spark ' 
through all the cards, which, if held to the no 
found to have a peculiar odour of sulphur and 
rus, like that which may be' perceived in places 
little time after they have been struck with lightnii 
and other imperfect conductors may be penetrate* 
manner. Lay a piece of writing paper on the st 
universal discharger, placing its knobs on the pape 
tance of one or two inches from each other ; thei 
the charge, and if the paper was dry, it will be foui 
been torn asunder by the passage of Uie spark. 

6. ) Fill a small vial with oil, close it with a corl 
which a wire passes, the lower end of it being si 
F' 172. ^ touch the inner surface of the g1 
J^' other extremity of the wire, whicl 

above the cork, is formed into a hoo 
bottle may be suspended from the p 
ductor. Set the machine in motior 
a metal ball opposite to that part < 
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which is touched by the wire within, and the spark, in its 
passage through the glass, will make a hole. 

7.) Lay a piece of tinfoil, in which there are several 
holes, between two small boards, or two panes of glass ; screw 
them tightly together, and transmit a pretty strong charge 
through the metal. On releasing the boards, or the pieces 
of glass, they will be found to be split. 

§496. 

VI. Excitation of heat h^the electric current. — This is shown 
(ually when the current is transmitted through fine wires and 
hen a spark passes through any combustible substance. In the 
"St case the effect is generally greater, the greater the resistance 
&red by the wire, and the more powerful the charge given oif 
om the jar or battery ; in the second, the effect depends princi- 
dly on the readiness with which the body is put in a state of 
»mbustion, as many substances are ignited by feeble sparks, 
bilst others can be burned only by powerful ones. 

Expte, Stretch a piece of very fine harpsichord wire 
between the arms of a universal discharger ; if your battery 
is strong enough, you may use a piece of watch-spring. 
Send a powerful charge through the metal, and it will be 
either raised to a state of incandescence, or it will be melted. 
If the charge is not sufiScient to fuse the wire, the increase 
in its temperature will be marked by its becoming blue. 

If the wire be the same, the length of it fused by any par- 
ticular charge will depend on the surface of the battery and 
on the intensity of the charge ; that is to say, on the quan* 
tity and density of the electricity set in motion * : equal 
charges will therefore melt equal lengths of the same wire. 
In wires of different metals but equal diameters the length 
varies, and the better conductor any body is, the shorter the 
length that will be melted. Priestley and V. Marum tried by 
this means to ascertain the different conducting powers of 
different metals, but the results they obtained are deficient 
in accuracy. More recently Riess has performed some very 
exact experiments, by which he measured the temperature of 
a piece of platinum wire, forming part of the electrical cir- 
cuit, with a very delicate electrical air thermometer that he 
constructed for the purpose. The principal laws which he 

B A Lane*s jar, having a surface of tinfoil of 9 Vienna square feet, =s 9*68 
^^»h, WHS so poweraiUy charged by 14 turns of Pfister's plate machine 
'^*4>)ithat its spark melted a piece of steel wire, No.12., 18 inches in length ; 

"*" ^ . Marum's great batterj', of 560 square feet, fused an iron wire ^gth of aii 

"^ thick, and 24^ inches long, throwing it off In little red hot %loV>\xV«,%. 
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by sending it through a damp conductor. Hence ire ire 
enabled to ignite gunpowder, which resists the action of tbe 
spark under ordinary circumstances. (See 7%ird ExpL §495.) 
Place some gunpowder in the little wooden cup (fg. 17l>)i 
and carry the spark along a moist thread 6 or 7 inches is 
length, attached to that arm of the universal discharger 
which is connected with the negative coat of the jar eon- 
taining the charge, and the spark in its passage from tiv 
end of one wire to that of the other will cause the povderti 
explode. 

§ 497. 

VII. The magnetic effects of the electric current are varionif 
displayed ; but, as has been already (§ 488.) remarked, tbe )•■ 
fluence exerted by the interrupted and momentarj currenti<( 
frictional electricity is less perceptible tljan that of the cob* 
tinned current, generated by electricity by contact, and by 
thermo-electricity. Its most remarkable feature is the excitatios 
of magnetism in unmagnetized steel, and its inversion of the pdn 
in magnets. A few experiments illustrative pi these properties 
will now be given : — 

Expte, 1.) Place a strip of copper-plate, about 1 or S 
inches in length, between the arms of the universal dis- 
charger ; transversely to it, and supported by any insulator, 
lay a fine sewing needle, and pass through it some pretty 
strong charges from a jar. The needle will have becoDC 
magnetic, that end which lay to the right of the electric 
current being ^ north pole^ and the opposite end a south 
pole. Place the needle l)eneath the copper, and the needle 
polarity will be reversed. 

2. ) Place a small variation needle on the strip of coppeft 
so that the latter shall intersect its magnetic meridian it 
right angles ; send some powerful charges through it, from 
west to cast, and the magnet's polarity will be reversed: 
this effect will not obtain if the charges are transmitted from 
east to west. 

8. ) Steel needles may be magnetized with greatmr oe^ 
tainty, if the electric current be insulated and conveyed by 
a helix around the needle. This will be best effected 1^ 
placing the needle in a spiral of copper wire covered over 
with silk, the ends of the helix are to be in contact with the 
arms of the discharger. The single spark from the prime 
conductor exerts a sensible effect ; but if a charge be sent 
from a loaded jar, the magnetism will be still stronger. Lay 
a magnetized needle in the helix, .and conduct the tilectrie 
"'irrent, ao that the north pole of the needle shall lie on the 
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right hand of the direction in which the current moves ; and 
after a few charges the needle's pole will he reversed. 

An exj^anation of this phenomenon will be given in the 
sectiop on £lectro-niagnetism. 

§498. 

VIII. Its pkysiohffieal effects are developed by electricity 
hen in a state of tension : they appear to be owing, m part at 
ast, to the induction of electricity taking place in the human 
ame. Among those effects may be enumerated the sensation 
P a spider*s web being drawn across the fkce, and the emission of 
hosphoiic odour. They are felt most powerfully in those parts 
Pthe body which form a part of the circuit through which the 
ectrie current passes, by a shuddering sensation, and a contrac- 
on of the nerves and muscles, known as the erectric shock. 

The effects of the shock vary with the extent of the sur- 
face covered with tinfoil, and they may become so intense 
as to cause transient or permanent lameness in particular 
limbs, nay, even death itself. In performing these experi- 
ments, care should be taken that the charge is not too strong. 
— The discharge from a single jar is sufficient to kill smidl 
animals; and a battery of 13 feet coating is enough to stun 
or even to destroy life in a large animal, especially if the 
stroke be conducted through the skull. 

The conduction of the successive and momentary currents 
through parts of the animal organization produces a con- 
traction of the nerves and muscles, by which the activity of 
the vascular system is increased, the motion of the fluids 
accelerated, and the animal heat raised. Hence frictional 
electricity has been frequently applied in medical practice. 

Electricity produces on vegetables, effects closely re- 
sembling those just described in the case of animals : 
conduction appears to exert no perceptible influence on 
vegetation ; but if a charge from a jar be sent through plants 
it proves fatal to them. 

Exptt, 1.) The electrical bath is administered by placing a 
person on an insulating stool, and directing the electric 
current from the conductor to different parts of the body by 
means of some pointed conductor. 

2. ) The electric shock from a charged jar may be given to 
a number of individuals at once, if they lay hold of each 
other's hands, the last person in the circle putting himself in 
contact with the outer coat of the jar, and the first touching 
the knob of the jar, by which means the circuit will be 
completed. On ^count of the velocity with which it travels 
the shock* will be experienced simultaneously b'j «\\. — \Qk* 
-mu HI* F 
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from the necessity that the amalgam applied to the eusbi(Kisof 
the electrical machine should be a very oxidizable body. To this 
it may be objected, that it yet remains to be proved that this p^ 
culiar odour is necessarily connected with the development of 
electricity ; and that the oxidation of the amalgam is not an iodis- 
pensable requisite, has been shown by Sir H. Davy's experiments! 
for he found that a small electrical machine in an atmosphoe of 
hydrogen, carbonic acid gas, and other gases, gave out as mod 
electricity as when worked in the common air ; indeed, in the eu- 
bonic acid gas it yielded more. According to a still more recent 
theory than the above, it has been held, that a pecuh'ar motion 
in the molecules of the bodies rubbed together is the true source 
from which the electricity is derived. This hypothesis has asyet 
been but partially received, and the discovery of an explanatitHk 
both general and satisfactory in its application, is an c^ject sdll 
to be desired. 

Schonbein has performed a number of experiments, in or* 
der to detect the properties of the odour emitted during the 
action of an electrical machine (§ 485.), which, in the cue 
of the cards penetrated by the spark, bears so striking a re* 
semblance to the blasting of objects by lightning. (Fifth EtpL 
§ 495. ) This philosopher thought that he could recogmxe 
the odour in the decomposition of water by the electric cur- 
rent. He accordingly gave it as his opinion, that this odkn^ 
ous principle, which he called ozoUf was a body contained 
both in air and in water, that it had hitherto escaped theob* 
s?rvation of chemists ; and that, under certain circumstancesi 
this element was set free by electricity. De la Rive, on the 
contrary, holds that this odour is caused by extremely mi- 
nute metallic particles with which the electric fluid is char* 
ged ; and which, when water is decomposed, are ^ven cS 
with the oxygen in the atmosphere.* 

III. ELECTRICITY BT CONTACT, GALVANISM, VOLTAISM. 

A. Of the Electricity elicited hy the Contact of Heterogeneous 

Bodies in general, 

§ 501. 

The state of electrical quiescence in two heterogeneous bodieSf 
w^hich are good conductors of electricity, is destroyed by bringb^ 

* Professor Schonbein read a paper on " Recent Experiments on Osoo," 
at the I.Mh meeting of the Britinh Association in June last. From thcMT 
experiments it appeared that the smell was always developed at the •(• 
pole ; that it was capable of being preserved in closed bottles ; that beat de- 
stroyed it ; and that many of the metals had also the same power. AlUiougfa 
at first supposed to be an elementary body, it may now be looked upon as, in 
ail probability, a tr^t-oxide of hydrogen. An analysis of the professor's pqper. 
taay be found iB tlM Atbanrani Ibr ioly 6. 1845. 
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em into contact with each other. Separate them in an insula- 
i condition, and one will he found to be + electrified, and the 
her.— ; but this state of tension is often so feeble that its exist- 
ce can be proved only by the tdd of a condenser. 
Volta, towards the end of the last century, first discovered 
Is peculiar excitation of electricity in the metals. Foltd's furida- 
nkd experiment, by which the existence of this species of elec- 
city may be verified, can be variously performed. 

First Expt, by means of the condenser. Place in imme- 
diate contact two polished discs, one of copper, the other of 
zinc, holding them by means of glass handles, so that they 
may be insulated ; separate them, and convey the sensible 
electricity of one of the plates to a condenser. (§ 489.) 
Touch both the plates with the hand so as to carry off their 
electricities : repeat the contact and separation, and, as be- 
fore, convey the electricity of the one plate to the condenser. 
Repeat this eight or ten times until you have sufficiently 
charged the condenser, which will be loaded with + electri- 
city, if you have touched it with the zinc plate, or with — 
electricity if with the copper one. The electricity thus ac- 
cumulated by conduction on the condenser, may be tested 
by means of a delicate electroscope. To avoid exciting elec- 
tricity by touching the metal of the conductor with the plate, 
which would affect the accuracy of the experiment, as we 
profess to obtain the electricity merely by the contact of the 
zinc and copper discs, a piece of moistened blotting paper 
should be laid on the plate of the conductor, and the disc 
should be made to touch this paper, and not the metal of the 
conductor itself; or the condenser, may be furnished with 
two plates, one of zinc and the other of copper, and when 
the electricity is conveyed to the condenser, these should be 
changed, so that the like metals should always be brought 
together. Peclet's double condenser will still more effectu- 
ally secure this object. (§ 489*) 

Second Expt. without the condenser. Screw a perfectly 
smooth plate of pure copper, about 2J or 3 inches in diame- 
ter, on to the conductor of a Becquerel's electroscope, or of 
a delicate Oersted's electrometer. Now, on it lay a similar 
disc of pure zinc, of exactly the same size, and the two plates 
will, by contact, be oppositely electrified. While this con- 
tact is maintained, the + electricities will be held in a latent 
state. Remove the zinc plate by a glass stem, which insures 
its being insulated, raising it perpendicularly from the cop- 
per one, and the electroscopic bodies will show that the cop- 
per plate is negatively electrified. The + electricity of the 
rinc plate will be verified by presenting it to another elec- 
troscope standing near the former*, or, -wVtVvowV. «.^^q^v^ 

F 3 
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or, better still, a delicate electrometer on Oersted's con- 
struction. (§480.) The deviation of the needle in the hit 
named instrument enables us with tolerable accuracy to 
compare the difference in the electromotive tenaon of u)f 
two bodies. The metals to be subjected to this test should be 
of a circular form, from 2 to S inches in diameter, and at 
least 2 lines thick. As silver, gold, and platinum plates flf 
this size would be very expensive, brass plates may bensei 
instead, covered with gold, silver, or platinum, by the fto- 
cess of electroplating. (§519.) A circular hole is made i& 
the centre of each of these (Uses, for the purpose ci ooo* 
necting them with the conductor of the electrometer, or to 
inserting glass stems by which they may be insulated. Tbi 
plates must be as highly polished as possible, and the meUl 
should be perfectly pure. The zinc or platinum plate, H 
being the extremes in the table, is to be screwed to the eoa* 
ductor of the electrometer, and the others are to be iMrooi^ 
into contact with it in the manner described in the secoi^ 
experiment of the preceding paragraph. To investigate aof 
two metals, say iron and silver, all that is requisite is to 
place one of them on the plate of the conductor, to insulate 
the other, and place it on the former. 

If several different electromotors are brought into mutual ooQ' 
tact at once, as ex. gr.y A with B and B with Z, then this ranail* 
able result ensues, that whatever electromotor B may be, A always 
has the same kind of electricity, and of the same intensity, as if 
it had been in immediate contact with Z, without the interposition 
of B. Furtlier, if instead of B we interpose any number whatevef 
of opposite or similar electromotors between A and Z, as Ai Bt 
C, D . . . Z, A continues in this case also to be electrified pr^ 
cisely as if it were in immediate contact with Z. 

For the sake of illustration, we will suppose the relative 
difference of tension between A and B = 5, between B and 
C = 1, between C and D = 3, between D and Z = 7 ; thei 
the difference of tension between any two members of tb« 
series is invariably equal to the sum of the differences of tb< 
intermediate links. Hence, between A and C 5 + 1 = 6, 1>^ 
tween C and Z — 3 + 7 = 10, and between A and Z=5 -^ ■ 
+ 3 + 7 = 16. 

§ 503. 

The electromotive force can, moreover, be excited not only b€ 
tween the solid conductors of electricity, but also between ther 
and conducting liquids. With respect to the specic?s of electricit 
excited by the contact of the various metals with different liqui 
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dies, the numerous experiments of Pfaff have conducted us to 
s following results : — 

1. ) Tke alkaiine liquids, as caustic potash, caustic soda, am- 
Miia, generally excite in the metals a state of negative electrical 
ision, t^e intensity of which is greater the nearer the metal is 
the positive end of the series. To this rule, however, there are 
ase exceptions. When in contact with these liquids, tin, anti- 
my, zinc are the most powerful ; platinum, bismuth, silver, 
B most feeble electromotors. 

S.) Concentrated aeidst as nitric acid, sulphuric acid, &c., im- 
•Tt to metals the opposite, that is to say, the positively electrical 
itt'oii ; and in particular aU the metals^ without exception, when 
ted on by concentrated nitric acid, become positive. In this 
id, steel, cast iron, pure iron, and platinum are the most powerful 
eetromotors, and zinc the feeblest. With sulphuric acid they 
e divided into two classes; those metals, as gold, platinum, cop- 
it, which stand near the negative end of the series,, becoming 
ieitive ; the others, antimony, tin, and zinc, being negatively 
eetrified. The same rule holds good with regard to hydro« 
iloric acid. 

3*) 7n diluted acids and solutions of heavy metallic salts, the 
^^acter of the electrical tension for the most part depends 
Q the order of the metals in the series. Considered as a whole, 
3ej are negatively electrical towards these liquids, the more posi- 
ive metals being the most intensely negative, the negative ones 
^ negative, showing an increasing tendency to become positive ; 
od those which are the most negative when acted on by these 
(quids actually acquire a positive tension. The solutions of an 
'fto/i with sulphuric acid present the striking anomaly of rendering 
he negative metals most powerfully negative, 
, From a consideration of these facts it was inferred, that the 
^^i6a received exactly the opposite electricity to that acquired 
'y ^he metals immersed in them, and that the intensity of their 
fissions corresponded. 

^•) In most of the liquids, the metals, as a whole, invariably dis- 
J*y the like excitation, but the original difference in the tension of 
***e whose surfaces are chemically acted on by the fluids decreases, 
Jd is at length converted into the opposite kind to that which 
^ey had at first. 

Pfaff, to whom the scientific world is under considerable 
obligations, modified in various ways the experiments which 
led to the results we have just developed : ex. gr. be pro- 
cured strips of the different metals, and laid on them similar 
pieces of pasteboard saturated with the liquid he wished to 
examine, and connected the metal with the collecting plate 
of the condenser by laying under it a piece of blotting-paper 
'■ loaked in distilled water, the upper strip of pasteboard bein^^ 
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and it will be found to retidn its original electricity, though in i 
less degree, and with an intensity corresponding precisely iriA 
the difference of the electromotive tmsions of the two met^ 
(§ 503. 3.) (a) Immerse two strips of the same melal in aliqo^ 
and both will be equally electrified; no difference will esi 
between their tensions, (b) But if the fluid polariie the metd 
placed in it, we shall obtain an effective battery with a riog^ 
metal, by immersing one of the plates before the other, as ■ 
done, for instance, when iron and platinum are brought in eon- 
tact with a solution of caustic potash. In proportion as tbe 
polarization of the second plate proceeds, the difference in theteo* 
sions of it and the plate first immersed diminishes, until afiff 
some time it ceases altogether. The difference in the tensioas of 
any two metals will be increased, for obvious reasons, if ^ 
liquid in which they are plunged excites in one a condition of 
positive, and in the other of negative electrical tennoni ■ 
happens when zinc and copper are immersed in concentrated sol* 
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Fig. 177. 
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phuric acid. (§ 503. 2.) Fig. 175. represents an arrangement of 
this kind, both copper (C).and (Z) being immersed in the 
acid ( Sg). For similar reasons, an opposite electrical tension will 
be produced if two homogeneous metals be connected together, and 
placed in two different electromotive fluids, the metal in the oos 
being negatively electrified, and that in the other positively. As 
an illustration, we may immerse one piece of platinum ia^ 
alkaline solution, and another in concentrated nitric acid ; or im* 
merse two plates of iron, one in sulphuric acid, and the otbtf 
in concentrated nitric acid, (c) (§ 503. 1 and 2.) A scheme of 
this is given in Jig. 176., (P/) being the platinum, (A) the 
alkali, (a c) the acid, and a b the porous material between th® 
liquids. The most intense electromotive tension is excited by 
employing two heterogeneous metals and two similar liquids, th© 
one metal being immersed in that fluid which renders it th^ 
most powerfully negative, and the other in that which renders * 
the most powerfully positive, the fluids themselves being coO' 
fleeted by interposing a porous partition betwen them. Such ^ 
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>mbination is effected thus, as shown in fig, 177., by placing 
[«tlnum (P<) in concentrated nitric acid (N^)* and zinc (^Z) in 
Mcentrated sulphuric acid (S,). (d) 

(a.) Suppose copper and zinc were placed together in a 
dilute acid, and that the zinc, as the more powerful electro- 
motor, acquired a tension of —3, whilst the copper was 
merely — 1» the difference between their tensions would 
therefore be =2. Connect the zinc with the ground, and 
the copper would show on the condenser a tension of + 3 — 
1 = + 2 ; if the copper be similarly connected, the tension of 
the zinc will ,be + 1 — 3 = — 2. 

(b.) Immerse two strips of zinc or copper in the same 
acid, and the maximum tension of each strip of zinc will be 
— 3 ; that of each strip of copper — 1, the difference of tension 
in either case + 3—3, or +1— l=nil 

(c. ) Now immerse a plate of iron in sulphuric acid and 
another in concentrated nitric acid ; then the former will have 
a negative tension, say of —2, and the other a positive one 
of about +4; the difference of the tensions between these 
two homogeneous metals will = 6. Let there be a conducting 
medium between the two fluids, connect the iron in the 
nitric acid with the condenser, and the plate which is in the 
sulphuric acid with the groufnd ; then the former acquires a 
positive tension of+4-f2=+6; reverse the arrangement, and 
tlieiron in the sulphuric acid acquires one of —2— 4= —6. 

(d.) In like manner we obtain the tension resulting from 
a combination of two heterogeneous electromotors with two 
different liquids, as ex, gr, of zinc with sulphuric acid and 
of platinum with nitric acid. If in the case supposed the 
tension of the zinc be— 3, and that of the platinum + 5, then 
the difference of their tensions is 8 ; connect the zinc with 
the ground, and the platinum will have a positive tension of 
5 + 3 = + 8 ; and if the platinum be so connected, then the 
zinc will have a negative tension of —3— 5 = —8. These 
batteries may, however, be so combined, that the two hetero- 
geneous electromotors may acquire a similar and equal ten- 
sion from the liquids in which they stand. In such a case 
the tension of each electromotor equals the difference between 
their tensions, viz. nil. This will happen if zinc be immersed 
in a dilute acid, and platinum in a solution of some alkali 
with sulphuric acid. 

The difference in the tensions of the electromotors im- 
mersed in a fluid has been explained by assuming that the 
electricity originally excited in each by contact with the 
"fluid acts by induction or polarization on the particles of the 
fluid lying between the two plates in such a manner that 
every such particle acquires an equally intense elecUvc\Vj> 



'8 



VOLTAIC BATTXRICS. 



but of an opposite character to that of the metal on the sid 
nearest to each of the metals ; while on the side more tcbmI 
it acquires a similar and equai electricity to theirs, sothstA 
ends of tlie circuit formed by the liquid which touch ^ 
other metallic surfaces excite the opposite electrical tensM 
or polarization. A reference to Jig, 178. will render th 

Fig. 178, 




Fig. 179. 




more easy to be understood than a long verbal descnpt 
Z n is a zinc and C u a. copper plate, connected in a cir< 
by the particles of the fluid. Now^ suppose the ten: 
excited by the fluid on the zinc alone were— S, then 
polarization produced in the liquid by this metal woul< 
expressed by the lower row of numbers contained in 
circles representing the particles of the liquid ; and if 
tension it would have caused in the copper alone be 
then the upper numbers will mark its polarization by 
metal, and the result of this double induction of electr: 
would be that the tension of the zinc would be — 2, and 
of the copper + 2. — Fig. 1 79. represents a similar < 
bination of a zinc and platinum battery with sulphuric 
nitric acid, the zinc acquiring the negative, and the 
tinum positive electricity. 
Such combinations of solid electromotors with suitable lie] 

constitute simple hi/dro-electric or voltaic batteries. Of these t 

are three principal varieties. 
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ries consisting of two heterogeneous electromotors with 
Tbese were the earliest invented by Volta ; and until 
were almost the only ones in use. They are com- 
: of zinc and copper plates immersed in either dilute 
e saline solution. 

ries of one homogeneotts metal with two heterogeneous 
o this class belongs Becquerers hydro-electric battery, 
d, in which platinum (see^p. 176.) is put in contact 
ion of caustic potash, or with concentrated sulphuric 
er and Wbhler*s batteries are also made on a similar 
ic same metal in the former of these being immersed 
, and in the latter in concentrated nitric acid. The 
f tension in a Becquerel's battery is far less than in 

1 . ) This instrument has served no other purpose 
blish the fact, that a state of electrical tension can be 

contact with two heterogeneous fluids. The iron 
jch more effective, as the polarization of this metal in 
rated nitric acid causes a very considerable degree of 

ries combined of two heterogeneous electromotors with 
t liquids : these are a recent discovery, and are the 
vc of all the varieties ; t. e. by means of them the 
difference of tension between the electromotors is 
Among this class we may name DanieWs zinc and 
rijy in which zinc stands in contact with sulphuric 
)pper with a solution of sulphate of copper ; Grovels 
atinvm; Sturgeon*s zinc and iron; and Bunsen's zinc 
batteries, in which the zinc is placed in contact with 
cid, the platinum, iron, and carbon with concentrated 

construction of these batteries admits of various 
nations ; from which, indeed, the different names they 
e for the most part derived. 

Single-fluid batteries. Volta* s battery consists of equal 

of copper and zinc, between which are laid pieces 

nel or paper of the same size, soaked in the exciting 

battery {fig, 1 80. ) the zinc plate is sur- 
rounded by the copper one, which how- 
ever does not immediately touch it at any 
point, there being a space of \ of an inch 
or thereabouts all round between the two. 
The two plates are to be immersed in the 
exciting fluid. 

Oersted's trough apparatus is essentially 
the same with the preceding battery. It 
consists of a trough of cop^et pl^.l«, Sa. XV^*' 
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Fig. 181. 




form of a parallclopiped, about \ an inch wide at the bottom; 
ill it the zinc plates are arranged so as not to toudi the 
copper; the trouj^h serves also to hold the liqud. 

Hureg ttpiral battery (Jig. 181.) consists of two zinc ud 
copper plates of equal length, rolled to< 
getber in a spiral form, so that they uc 
about I of an inch asund^. Their pmU 
position is given to the spirals by means oft 
wooden cross at top and bottom, with notdxi 
into which the plates are fiutened. BothcrosRi 
have a common axis. There is a handle it 
top, and to each of the metal plates is sttsdiel 
a mercury cup + and — . This oombinatioa 
is then set in a glass cylinder la^eenongbto 
receive it, in which the liquid is placed. Ths 
apparatus has one advantage, that metal plates of a coo- 
sidorable size can be used without their occupying modi 
room. 

Faraday recommends, to ensure a powerful actimi of these 
batteries, the use of a mixture of 200 parts of water, 4liMrts 
of sulphuric acid, and 4 of nitric acid. If the effect is desind 
to be less violent but more permanent, he recommends a >!>■ 
lution of common salt, or a mixture of sulphuric acid, inA 
from 20 to 30 times its quantity of water. The electromotitt 
power will be increased and rendered more constant lif 
amalji^amating the zinc, which can be accomplished moat 
readily and cheaply in the following manner : — First, immerse 
the rough zinc plates in a weak solution of sulphuric acid, 
containing from 6 to 8 times as much water as acid, uotil 
the thin film of oxide is dissolved; then wash them witb 
water and place them in a dilute solution of nitrate of 
mercury. After a short time there will be found on the 
niirfacc a perfectly uniform amalgam of zinc; when this >< 
formed, wash the plates with water and rub them ^tb 
sawdust. 

2. ) lidtteries with two different liquids. In these the tvo 
li(]uids must be so placed as to establish conduction witboot 
their being allowed to mix. This is best effected by inter* 
])osing some porous substance between them; thin cylindricil 
cells of porous porcelain, slfghtly baked, answer best Fl^ 
n cell of this kind in a cylindrical glass, an inch or an ioc*^ 
and a half viridcr than it in diameter ; in the earthen eeUt 
place one electromotor with its appropriate liquid, and in tb^ 
^lass vessel the other with its liquid, taking care that tb^ 
two electromotors are not more than from Jth to Jth of *^ 
inch from the walls of the porcelain cell. 
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A sectional view is given in Jig. 
1 82. of the most advantageous ar- 
rangement of a Daniel Ps battery, 
c c is a copper cylinder with bottom, 
rather wider at top, as a 6 and d e 
show (the outer glass vessel is not 
required with this construction); 
pp'vA the porous porcelain cell, in 
which the amalgamated zinc cy 1 i nder 
stands. Pour a saturated solution of 
sulphate of copper into the copper 
cylinder. That the action of this battery may be constant, 
the strength of the solution must be maintained. For this 
purpose two concentric rings of copper wire connected to- 
gether by zig-zag wires fit round the porcelain cell, and rest 
on h and e against the copper cylinder. On this net-work 
such a quantity of the copper crystals is to be laid, as by 
their gradually dissolving will maintain the liquid at its re- 
quired strength, and so repair the waste caused by the 
working of the battery. If violent action is desired, use 1 
part oi concentrated sulphuric acid to from 4 to 9 parts of 
water ; if moderate action, 1 part of sulphuric acid to from 
50 to 100 of water. 

In Grove* 8 battery {fig, 1 83.) the amalgamated zinc cylinder 
z z stands in a glass vessel ; inside the zinc 
is placed the earthenware cell /)/>, intended 
to receive the platinum. Leaf platinum will 
be found the most convenient, and to save 
expense it may be had thin. To ensure at 
the same time a large surface of this metal, 
and action on both sides, GriiePs arrange- 
ment may be adopted. The leaf platinum is 
attached by means of wires of the same metal 
to a central stem, so as to form four or six 
flaps ; the whole has one common conductor.^ 
^Ofgg&aAori recommends as a more simple contrivance, that 
the leaf of platinum be about half as broad again as the 
diameter of the porcelain cell into which it may be made to 
go by bending it in the form of an S. By this means, all 
cutting and fastening of the platinum will be dispensed with, 
except only fastening it to the wire which is to serve as 
the conductor. Pfaff employed a porcelain cylinder coated 
vith platinum, instead of a leaf of this metal. This will be 
Tather cheaper than the metal itself, but as far as my ex- 
perience goes, these cylinders are less effective than an equal 
surface of platinum* and I have used the cells both from the 
Touui. G 
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lufBctory at Copenhagt... , 

'llie liquid u'jed to net upon the line is sulpburle uUi' 
lufEil wilh trom 4 to 9 part? of water; that on tbc ' ' — 
nitfic acid whow ipecilio gravity is 1-33. 

In fliHtKn'* ialltiy, ehaimnl is substituted for tL. ._, 
Eivp*ulnt3DGe, platinum. For a length of time, aUein[Ot» 
been made to use for Ihis purpose graphite (pluinb^u) ■■ 
it* natural state, and also the mataes fbund in gH tda^' 
but the difficulty with which portions could be m« wili « 
sufficient tiieand uf nnirenicntform.impoiiedanintupB^ . 
Professot Bunien Las, however, lucreedei h 
repeatedly beating a mixture orpulveriied cod and mIUi'I 
obtniniDg a strong porous mass, which, as re^cudi iti <*■ 
ducting and electromotive powers, is full; equal to plaDiniAi 
it can easilj be worked and made to asmmc the rtquim 
form. Bitnaen has variously constructed hit bDlterin; M 
or the simplest cambinations, perhaps. Is the folluwinggiM 
nearly resembles Grove's. (See fg. 1 84.) C is Uie ouba 
cylinder, substituted for one of plaUnM 
Fit/. 184. sundinE in a porcelain cell pp. whose d» 

I meter is 3 or 4 lines longer than Ihst of ^ 
carbon, p'p iaenclosedinan amalgamatedDtt 
cylinder 1 1, whose diameter is about til 
lines greater than (hat of the earthenwBH! ^ 
The whole is placed in n gloss G G «boul« 
inch, or sn inch and a half wider tbt 
earthenware. Drill a hole n n in the a 
^^^^ to within an inch and a half of the Ik 

Into this cavity cancenlrated sulphuric acid ia tobepL- - 
by which the porous mass will soon be penetrated, ta 

cylinder with the same acid. A copper ring r, wlutb H 
the latter tightly, serves as a conductor. The xlne i> KM 
on by Eulphurio acid, with IVom 4 to 9 pans of wi 
Bunaen has since inodiGed his battery, by making A* 
carbon cylinder open at bottom, and of sufficient idW <* 
contain the earthenwHrc cell in which he plac 

With equal surfaces, the powers of a platinnni 

batlcry are naarly equal They are tioth far su, 

Daniell's conatant battery. Jacobi says 6 Fijuare inohta' 
phUiauni in a Grove'a batlcry are equal to 100 inebsw 
copper !n a Daniell's battery. According 
psrimenis I found, that to produce equal effects, 



copper as of plati 
onstruction, I found 340 
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the sarhce of copper was needed to that of platinum to 
insure equal effects.* 

Now, although Grove's and Bunsen's hatter ies are more 
powerful than Daniell's, yet the latter has this advantage 
over them, that its action is the most constant, its electro- 
motive force being but little impaired by the battery's being 
kept at wOTk for a whole day. There is this additional in- 
convenience connected with the use of both the platinum 
and carbon batteries, that the nitric acid used in them, in 
proportion as it is concentrated, becomes converted the more 
rapidly and profasely into nitrous acid, the vapour of which 
is both prejudicial to the breath and injurious to many sorts 
of apparatus. In platinum batteries this evil may, in some 
degree, be remedied by means of a ltd, made to fit the 
earthenware cell. In the carbon batteries it is less easy to 
af^ply this remedy. Warrington and Dr. Leeson substituted 
ibr the sulphuric acid a liquid composed of 3 parts of bi- 
chromate of potassa, 4 of concentrated sulphuric acid, and 1 8 
of water. Poggendorf says that he found liie electromotive 
influence it excited in a carbon battery equal to that pro- 
duced by sulphuric acid, but that its character was less 
steady and permanent ; when used with platinum batteries, 
he says, it is far less effective than sulphuric acid. ^ 

§ 506, 

rhe tenmon excited between the electromotors of any simple 
Uic arrangement is, after all, very feeble. Its intensity may, 
vever, be increased by connecting several of them together ; a 
eovery which has immortalized Volta's name. A combination 
this kind is termed a wmpound hydro^ectric battery^ or a 
!(atc /nfe or battery ; sometimes it is called a galvanic battery, 
constructing it, the like metals in the individual batteries 
lit all be ranged one way ; as for instance, all the copper on 
> left hand and all the zinc on the right : and in this order the 
Arogeneous metals must be joined by a good conductor, or else 
y nuflt be placed in immediate metallic contact. 

The essential form of such a combination may be repre- 
sented in the annexed diagram : 

C bein^. the copper, Z the zinc, and / the intermediate 
liquid* ^^ represents the metallic connection or contact. 
The individual members of these compound batteries 



Mm lAr. WUk«r hi his Treatise on Electricity expresses his esti- 
•<('Uis«oiinMurat|ve merits of Platinum and Carbon, (ti tVv« loWo^Vw^ 

MMf.-.** natinum is in the long run decidedly ptefetabVeVA CvcXysa't 

^^' wmgooatieacb.*' 
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may be variously arranj^ed according to the nature of the 
single batteries of which they are composed. The following 
are the chief: — 

1 . ) Single-fluid batteriet The oldest of alt. invented in 

1800. and still in frequent use, is named after its inventor. 
the Voltaic pile. It consists of round or square plates of 
copper and 2inc, commonly from 1 to 4 inches across. Tbe 
pile is formed by placing them one on the other, a zinc ^ 
a copper plate being soldered together throughout. Care » 
to be taken that all the copper plates are underneath, and ail 
the zinc uppermost, or vice versa. Between each paif <* 
t plates insert a piece of flannel or pasteboard, saturated vit^ 
the liquid I, which is generally either dilute sulphuric acii 
or a solution of common salt ; and the elements of the g>i* 
vajiic circuit will stand in the following order, b^inn^ 
fpoin the bottom of the pile ZC/ZC/ZC^&e. When 
from SO to 50 pairs of plates have been thus arranged, tlK 
flannel soaked in the liquid will be subjected to sucba 
pressure, that a great portion of the liquid will run dovD. 
lt\ therefore, the number of plates is considerable, say 10^ 
or more, it would be better to make two piles of 50 ^ 
each, near together, but in inverse order, and connect &^ 
the undermost or the top plates by means of a strip « 
copper. In this arrangement, the outermost zinc and tli' 
outermost copper plate may be dispensed with, as they ^ 
not in contact with the liquid, and the last copper plate ^l 
have a positive electrical tension, and the last zinc plate a 
negative tension, just the same as in the single battery." 
The electromotive power in such piles is increased by an** 
gamating the zinc plates ; in which case the sulphuric 8C» 
may advantageously be diluted with from 20 to 30 times it* 
amount of water. INJuncke asserts that its power may ^ 
increased from two to four fold, by covering the pasteboarA 
which is to be soaked in the liquid on one side, '^^^ 
powdered black-lead, and laying that side next the copp*'* 
The electromotive power may also be increased by substitut- 
ing some more negative metal, as silver for the copper ; a"** 
according to Bunsen, the maximum effect is gained bT 
making the pile of amalgamated zinc and copper plates, ^ 
using Warrington's chromic acid liquid, described a littl* 
higher up. Bunsen says, that from a cylinder of fine carbon 
(for its jjreparation, see the preceding section), 7 inches loDg» 
100 slices may be cut, which will not require cleaning liJjJ 
ihe copper discs, as they need only to be kept in .the liq»^** 
when not in use. 

Compound batteries may in like manner be formed o^ 

Wollaston*s trough apparatus. Oersted's trough or Hare's 

spiral batteries, merely observing to place the individii*^ 



Fig. 1S5. 



members of il in the same orijer, and then ranneet'ing Ihctn 
by mrani oFcopper nires. The whole is to be immeried In 
the liquid, either in a trough of sufficient size to contain it. 
oi the licjiiid must be pouted into the separate copper or 
glass cylinders. 

Famday's trough apparatus, improved by Young, will be 
found very convenient for readily conslrucling an efficient 
pile of many j)late«. The copper and amalgamated cine 
plates, presenting a surface of aboi-t4EquBre 
Fig. 1S5. inches each, are to be ranged alternately 
~ "1 a wooden frame. Every two copperand 
nc plates are connected by a slrip of metal, 
I is Bliown in fig. 1 B5. When several 
ich pairs are combined in a battery they 
■e put together, so that one copper plate 
stands between two connected zinc plales, 
le plate between two copper onM, 
the distance between each being one tine. 
'JTiis combination is represented in the an- 
nexed diagram, C standing for the copper, Z for tlie linc, 
and "^ for tbe metallic connection ■. — 

After the plates have been thus arranged, plunge them into 
a trough of convenient size, of either wood, earthenware, or 
japanned ware. conUining either sulphuric acid diluted with 
from twenty to tliitly times the quantity ef water, or Fara- 



bod an effective surface of twenty-t% 
With this apparatus that Sir H. Davy inade the imporlaiit 
discovery of the compound nature <k alkalis, and the prac- 
ticability of their being decomposed. Neit to this we may 
mention Children's great plate battery, which consisted of 
16 pairs of plates, combined on Wollaston's principle, each 
pUtc being 6 feet long by 2J feet wide, so that the effective 
copper surface of each was 3ii square feet, and when these 
Were connected in one the entire surbce amounted to 512 
•qaar« feet Hare's deflagraloroTealotimatQi viueiniiQnie.'i 



ic and eopper !, . 

HriuBre incho. aiid Ihc cupt"^r 00 square inchs. titiiUitli'> 
(ieflajiraior ooinUlid of 100 paira arranged on Wolb—'' 
principle, eacb linc lur&ce preaenting ZOO iqunlK il 
it could b« uwd eilbiT as a pile of 100 pieces, or as < 
liatlerjF of 40.000 square inches of noo (or SHI equoi 
of (inc, Dtiij £44 of copper). 

All tbese tiugle-fluid baiteries have, liowever, fsUe 
ditUH, euppi vben powerful pliyiloto^iical efRxts ( ^ 51^^) 
■re lo he produced, since tha diFPOTery of the great i^ffiwj 
of batleriea with Ivo licguids. which with a smaller vim^ 
of pieces varyinKfrom 2 to 40. of aver*;^ dimenHons. (ln'"i( 
on eSifclive snr^e of from 20 to 100 square ineho,) "^ 
a power equal to that of the gigantic butter; belongint" 
the Royal Institulion. 

These batteries are made by combining either D«ili^O) 
Grove's, or Bunsen'!< sinp;le batteries, arranging the i 
■idiial members oftbe compound battery near (o one iuul^''> 
and connecting the heterogeneous electromotors on tlie tT^" 
ciple of a voltaic pile by (trips or wires of copper. It 
conyenienl lo divide the number of component membeit i"" 
two equal factors, that [hey oiay he ea^ly arranged in ■ 
reetangulor upaoe. Tile Grove's battery, oonslmfloJ Ij 
Jacohi of Petersburg. eooWins ti4 platinum plates, M*» 
36 square inches surfece, so that their combined «ilW i 
amountstolfisquarefecl. I'robably thU is the moat po«2 
ful battery ever made, not eaceplitig even that of the B^ 
Instilution \ tor, according to Jaoohi's comparative «s ' 
(see the preceding paragraph ), Its eflTect is equal to . 
nietl's battery ufaee square feet, or a Hare's battery of nanF 
5500 square feet. 

It is of essential importanoe in all compound batltrin 
not to wBsie the electromotive power, and to ensure iM" 
utmost efficiency, that a perfect me 
established between the parts by n 
conductors. Copper wire, or strip 

thickness, ate the liest conductors; -, . 

diately bstenod to the heterogeneous metals, as in V°^ 
luston's and Young') batteries, small cups nuiy be bcUC* 
on to the ntelal plates, these cups filled with mercury. Wj 
the ends of (he connecting wires immersed in this liqil» 
metal. Or the many inconveniences attending the U»« * 
q uiotiilver moy be obviated by the use of copper lantf'J 
screws. In this cose care mutt be taken that the contoOt* | 
is perfect. This will be best leeured by ei«t»^ 
= 1,. 1.1.- — !_.. „F ,v.. «..,..■„> .vhith may I* 
)le. A Mf«* 
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Fig. 186. 



ap of the kind referred to are represented in 

Jig. 186. a is a strip of metal 
bent at right angles, and 
soldered on to each of the 
electromotors; on it stands an 
upright piece of metal b^ 
turning on an axis or screw. 
In this upright a hole is 
drilled to receive the nut d, by 
which the strip of metal c is 
secured to k A notch is 
made at f, in this last-named 
little bar, by which it may 
be fastened to the neit piece 
of the battery by its connect- 
ing screw. All these pieces 
of apparatus should be of 
copper or brass ; and for 

Iready given, it is advisable to gild, silver, or plati- 

a by the volta-typing process. 




§507. 

of the batteries we have just been describing there 
iar induction of the tension, excited by the contact 
motors with the intermediate fluid. The + and— 
licited in the respective metals, are urged in op- 
ns to the sides on which the similar electromotors are 
)nnecting wires and the intermediate liquids acting 
s. The dissimilar electricities are accordingly 
in the two extreme electromotors of the circuit, 
ice called poles ; that being termed the poaitivfi pole 
1 the + electricity tends, and the other the negative 
ehich the —electricity moves. 

the arrangement of a common voltaic battery (see 
iding paragraph), its poles consist of a pair of zinc 
er plates, and as the outermost plate of the + pole 
id that of the —pole is copper, the 4- pole has some- 
>n called the zinc pole, and the — the copper pole. 
ig to the construction described in the preceding 
le last member of the circuit, the copper for instance, 
with the earth, its state of positive electrical tension 
*, and it will acquire electricity. The electrical 
; other electromotor of the voltaic pile communi- 
i tension by means of the conducting wire to all 
imbers of the circuit. The like happens to the 
fourth, &c. members of the wYvoAe baU^rj \ n«\\«caa% 

a 4 
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consequently, the electricity is carried off from all the electro- 
motors of the same name (in the case supposed from the coppff 
plates), which lie on the side that is in contact with the ^nm- 
The electricity of the other electromotors, t. e. of the zinc pbtt^ 
will be the sum of that of the successive pieces; thus the intai>9 
of the —electricity towards the opposite pole increases inflnB* 
metical progression, so that in the nth plate of the batteryttv 
tension would be n times greater than in the first The v0 
ratio obtains with regard to the + electricity, if the outenM^ 
zinc plate be connected with the ground. Biot, who hu F^ 
formed a number of exact experiments to ascertain tlus f^ 
found the electrical tension in such batteries was altogeoK 
independent of the magnitude of the efifectiye areas of the tH^ 
tromotors; so that, if the electromotive combination of tM 
batteries be alike, and they consist of the same number of phM 
the intensities of their tensions will be equal, even though >■ 
electromotors of one battery be 100 times larger than thoie« 
the other. 

llie annexed diagram will perhaps render more ti^ 
intelligible the increasing tension and induction of ^ 
electricity in compound batteries. C expresses the coppc 
which is in a state of positive, and Z the zinc, which is ^ ' 
state of negative tension ;• / is the exciting liquid for ^^^ 
metals ; ^ — ^ the connecting wire between them ; and^ 
2^j^—> marks the direction taken by the -t-and— electriciUfl 
in the circuit; the intensity of the tension in eachsinir 
battery is assumed = 1, and the extreme copper plate is suP" 
posed to be connected with the ground. 
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If the zinc plate be connected with the ground instead ^* 
the copper one, we'ishall have a similar scheme, with this diffef* 
ence only, that the tension increasing through the successive 
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nembers of the battery will be positive : the scheme can 
>f course be carried to any number of terms at pleasure. 

xt, we will suppose both the ends or poles of the battery to 
(ulated ; we will further assume its electromotors to be cop- 
nd zinc, that the former is on the right and the latter on 
ft hand ; then it follows that the + electricity of the copper 
through all the plates in the circuit to the left hand, and 
• electricity of the zinc to the right. Hence there proceeds 

the middle a progressive accumulation of + electricity 
ds the left hand, and a similar accumulation of — electricity 
ds the right ; so that the two extreme plates exhibit an 
ised intensity of tension, whilst in the centre it ceases alto- 
r, the centre being, in fact, its point of indifference. Re- 

the connecting wire from any two members of the series, 
ou obtain two batteries, in which the same electromotive 
tion is found to exist as has been just described : disconnect 
>nd wire and the like occurs again. 

The following diagram will perhaps render the above 
nore easy to comprehend ; the same signification is to be 
ittached to the symbols as in the former scheme. Assume 
he tension between the copper and the zinc = 1, then, if 
>ach is perfectly insulated, the difference of their tensions 
^ill remain the same, that of the copper being -i- ^, and that 
)f the zinc — i. 



Diagram of a Battery of Three Pairs of Plates. 
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III. 
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HI. +i + i 
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+i + i 


+i-i 
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Diagram oi a Batterj of Four 
I. 11. III. 

+ iciz ^ az ciz 



I. +H1 

II. +J+1 

III. +i+i 

IV. +J+J 



4.44.9 
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+1+1 



+} 



-i-i 
-i-i 

+4+J 



ofHita. 

IV. 

-i-l 
-i-l 



-i-\ 
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o-i 



+H 



-H 



Subdivision of a Battery of Four Pairs of Plates into T«* 

of Two Pftir* each. 
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Electroscopic observations will at once prove the existtfDSB 
of these particular states of tension in the different batteries: 
if, however, the electroscopes or electrometers used are opt 
sufficiently delicate to indicate the tension, we must ealli^ 
the aid of a condenser, by means of which the feeblest degi^ 
of tension will be rendered visible. 
Compare a pile both whose poles are insulated with anotbeft 
one of whose poles is connected with the ground, and the ^ 
lowing differences will be observable: — That which isnotui' 
sulated shows throughout its whole extent only + or only — elec- 
tricity, the other has electricity at the pole in connecti<^ 
with the ground, from which to the other pole the intensity ^ 
the tension continually increases. In the battery whose poles at* 
insulated, both species of electricity are found proceeding irofl^ 
the centre or point of indifference, so that one half contains only 
+ and the other only— electricity, increasing equally in intensity 
totrards each pole ; however, the intensity at each pole of that 
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irj, which was iniulated at both ends, is oolj half that of the 
lated pde of the second battery, whi^ had its other pole 
tected with the earth. 

be insulated piles in this respect present a striking analogy to 
polarity of a bar magnet, in one half of which in like manner 
ectricity resides, and— electricity in the other half; in the 
ile, between the two poles, is the point of magnetic quiescence, 
electricity ; and if the bar be divided, each of the fragments 
lires a sinular polarity. (§ 436.) 

§ 508. 

esides the electrical piles already described there are some 
Ts in which the elements composing the individual members 
he battery are somewhat differently combined, viz. the dry 
, piles of two dementt onty, and Mcondary pUes, 
he first, called also after their inventor, ZambonCs pika^ differ 
1 the common by dro> electric batteries principally in this, that 
presence of the electromotive liquid is dispensed with in them, 

that in its place is substituted some moist substance of low 
iucting power, generally paper. I1ie electromotors in these 
s are composed for the most part of Dutch gold (copper) and 
iT (zinc) paper pressed one on the other, with their paper sides 
ither, out of which discs are cut with a diameter of from 

an inch to an inch. More powerful pairs of plates may be 
lined by using only the silver paper and smearing its paper 
! with a thin coat of honey, on which some finely pulverized 
:>xide of manganese has been sprinkled, and all the sides simi- 
y coated are presented one way. Powerful pairs of plates 
f also be made by pasting pure gold leaf on the paper side of 
Npaper. These plates are then to be arranged, just as in the 
inary voltaic pile, one above the other, so that the similar 
Gallic surfaces may all lie one way ; press them tightly to- 
ber ; tie them with pretty stout silk threads, and press them 
i> a glass tube of convenient size. The metal rims of the tubes, 
ich must be well connected with the outermost pairs of plates, 
31 the poles of the pile, the negative pole being in the extreme 
B 8urfiu;e, and the positive in the extreme copper or manganese 
face. 

The electromotive energy called into action in these dry piles 
eitt than that excited in the moist or hydro-electric piles, prin- 
>Uy on account of the imperfect conduction of the paper. The 
uiDulation of electricity at their poles also goes on less rapidly, 
I consequently the electrical tension continues for a long while 
ilto-ed ; whereas, in all moist piles, even in the most constant 
them, the tension is maintained, comparatively speaking, for 
:* tbort time, on account of the chemical acxlon. «lW^ ^qkovs^ 



ion ortheelrotTOmi 



to lOOOpairsofpUtes. 

Behrena, Delue, Blot, Jager, Ritter, Ksrati. at 
have M diflerent times employed various mBteiial 
conslruelion of similar dry piles, but none have bei 
Ut be equal in power lo those made of linc-paper i 
ganese. Watkins. oF London, made a remarkabl 
only one metal, and without any intermediate ci 
It consisted of from 60 to So linc plates, about 
inches in siie, purely metallic on one tide, but on 
covered vLth tbe ordinary film of oiide. These pi 

surfaces stood one way, and between each pair of jjl: 
was an eitremely line stratum of air, as they we 

acted as the two different metsls do in otiier pile 

film of damp air perCbrmed the part of the paper. 

The length of time during which the tension of t1 

lasted led to the construction of a kind of drclrieal ptri 

Hon. Itisformedby placingtvo Zamboni'spiles(j!(r. V 

containing at least lOOO pnirs of ]> 

Fig. 187, vertical position within IJ inch oi 




of each other, so t 
may be opposite 
The lower poles 
means of a 



t Iheii 






copper, 



o inetai knobs, 
tween these two potar balls, plii 
pendulum, just balanced above it^ 
gravity. The pendulum rod shi 
glass or gam-lac, and on its top it 
a small ring or ball of pjld or sih 
on coming in contact with one ol 
of the battery is impregnated wit 
tricitj. It is then repelled, hi 
•imllarly electrified, 'fhe other pole attracts it, eleelri 
then repels it. and thus this oscillating movement is r 
without cessation. As the action of tliete piles is, afl 
impaired by external causes, the enpectation has not bee 
that they would supply a perpetual motion. 

Bohnenberger's electroscope, improved as it has sini 
Becquerel and Fechner, is an apparatus of far greater u 
that wa have just described. It acts on the principle ( 
mauent tension in a Zamboni's pile, We have alrcad 
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1 this extremely delicate instrument (^^. 157.), and have 
out its application. The action of the small dry pile on 
roscopic gold leaves, vibrating between its two poles, will 
;tly understood from what «has just been advanced. 
lies of two elements only^ likewise an invention of Zam- 
msist of one metal and one intermediate conductor, 
ry or moist ; if the former, the discs are of silver paper, 
1 all their metal sides one way ; if the latter, a number of 
f tinfoil of some such shape as this , are laid iu two 
lasses which contain water, in such a manner that the 
half lies in one glass, and the broad end in the other, 
me time these piles acquire at their poles a feeble elec-> 
ision, which they will maintain for several days, the metal 
libitin^ + electricity in the dry pile, and the pointed end 
nc being + electrified in the moist one. 
econdary piles, sometimes also called Bitter's piles, consist 
late layers of homogeneous metal plates, between which 
oist conducting substance is interposed. When they 
one no electromotive tension is excited ; but after they 
en for some time connected with the poles of a voltaic 
if they be disconnected from it, the end which was joined 
ositive pole of the battery will have become + electrified, 

which was connected with the negative pole will be — 
id. A similar effect may be produced in silver, gold, and 
1 wires, if of sufficient thickness, by connecting their 
;rnately, the one with the + and the other with the — 

a powerful battery, and maintaining this connection for 
I hour. The charge is only transient in its duration, 
ics off the more quickly the fuller the tension in the first 
Various attempts have been made to explain this 
snon, which seems most probably connected with some 
ig influence. 



1)11010 Piles in an Electro-statical and Electro'dynamical 

Condition, 

§ 509. 

simple and compound voltaic, batteries, in the condition 
•e have considered as yet, display their electromotive ac-. 
jlely by the electropolar tension of their elements, the 
lotors being excited by contact with the intermediate 
>r with some dry conductor The intensity of this tension, 
id with that produced by friction, even in batteries con- 
•f a great number of plates, is extremely weak, as electro- 
b^rvations prove. 



( 



' Tbt> u gamelinmatUed the tJechotfatic eoDdiliM, 
be mnieitiMl inlo the titctradynamic by connecting the 
tromntors of s siiifllc, or the two pales of a compDUiul,M(>r 
together, by means of any good eoDduclor. The t (Itton^ 
Tendered tieiuible are Ht in motion, and a current 19 gn^™ 
the nme as in trictional eicciricity, in vhieh the j; eUrctilst^ 
combining produce electricity. The ctmnections miy be*^ 
oiuJy fariD«d, the main point being thut they be of good ^^ 
ducting materials (§ 46!).). ho grever shaped or combinM, u^ 
■tancea of low coniiueting power would not tranBoiit the eun* 
The connection is established in the most simple muinerpix^ 
by plHiing those parts of the eleMromotore which areirt* 
iDcrsed in the liquid together, or else they maj be jainelkj* 
wire or strip of roetal. Other conducting bodies may form f*^. 
ofthe circuit, as u. ^.. a fluid, a liiing animal, or >i!gvl«ll)l.W 
Outside the umple voltaic arrangement, the eurreni goeiM 
tlie negatlFe metal, ns being the electramolor which it ID 
of positive leDsion. Outside the compound battery il nil 
the + pole through the connecting arc to the negatimlj' 
dectromolor ; that is to say, to the positiTB metal, or - 
— pole, whereas, within the battery it»elf the current no* jj 
exactly the opposite direction ; that is to Bay, in a single hW 
arrangement from ^e positive metal tlirou^ the clectnwiw* 
fluid to the negative metal, and in a battery troai the M^'J 
pole through all the intervening pairs to the positive pole " 

■ ! ungle batteries represented in ;ft;i. 175— 177,'the dift^ 

to be understood only the positive one ; the negative Gi 
ses simultaneously with it, and runs In an opposite din 



t 



Faraday has adduced a variety of proa& to establish It 
J between electricity esciled by contact and by (Hction; I" 
important distinction between them is, that in the former,'^ | 
exciting cause is constant, and by conwquence the ellecl isso l<*l 1 
but in friction electricity this is not the case. The conduclM* \ 
an electrical machine when charged, as we have already sM 
loses itselectrical tension immediately on a connection being ilB' ' 
blished by a good conductor between it and the ground, uid ** | 
can only obtain an approiimation to a oonslant stream in a gat* I 
oanduoior by connecting it, while the machine is in action, *iil^ 
the prime conductor and cushion. An electrical battery sho««lW 
' ^feet, for, when it is disoharjfcd, the current wnt throt^ 
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must be recharged. In a voltaic battery, on the contrary, 
ixciting cause is permanently at work ; hence, afVer connection 
tablished with the ground, its electrical tension is excited and 
itained, and when the circuit is completed, the stream is 
ted uninterruptedly so long as the circuit is not broken, and 
mg as no change takes place in the electromotiTe powers of 
electromotors and their intermediate liquid ; because, so long as 
+ electricities in the interior of the battery neutralize each 
r by the current, the condition is re-established on which a 
electromotive excitation depends, i^gain, there is a differ- 
in the effects of voltaic and friction electricity, owing to the 
itity and intensity of the electricity developed by each of 
e modes respectively. By friction, a current is obtained of 
t intensity, but containing a small quantity of the electric 
I; by voltaism, generally speaking, a much larger quantity is 
ilopeid, but always of a low degree of tension : hence the 
est electrical battery may be charged, by means of a voltaic 
• instantly to the degree of tension shown by the latter at its 
«, by connecting the two together by means of wires. A still 
^ d^sive proof of the difference as to the quantities of elec- 
ity obtained from these two sources is afforded by an experi • 
It of Faraday's, which will be explained below. (§512.) In 
sequence of this difference, all those operations which depend 
icipally on the intensity c^the electric fluid are more feeble in 
▼(dtaic than in the ordinary electric current, while such as 
dependent on its quantity and duration are stronger than 
Mt of the latter. The above remarks must be understood to 
r exclusively to hydro-electric batteries, as the current emitted 
the dry piles is extremely feeble. 

§511. 

t now remains that we should describe and explain the dif- 
Dt effects exerted by a hydro-electric current in its passage 
>ugh different bodies. To do this properly, and to judge 
ectly of its influence, we must first learn on what the absolute 
e of a current particularly depends, and by what causes this 
e may be modified. Accurate conclusions as to these matters 
i only been arrived at within comparatively a few years, to 
d) conclusions we have been conducted in part by the shrewd 
nretical deductions of Ohm, and the careful observations of 
hner and others. 

a all investigations of this kind, it is requisite that we should 
i an accurate measure of the intensity of the current, in order 
Barn the influence exerted on it by the varied combinations of 
batteries, and the changes which arise in its intensity. The 
irent effects which the current produces furnish us 'vV^Vv ^>9k^Vv 
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a measure ; they are not, however, all equally well ada[ 
this purpose ; we shall presently (§ 522.) show which ar< 
preferred, and how they are to be applied. 

There arc two factors which especially determine the f 
intensity of the current, and on whose variations the inte 
the effects produced regularly depends. One of these, \ 
also the proximate or exciting cause of the electric cu 
the electromotive force itself; and the other, or modifyin 
is the resistance to its conduction. 

The electromotive force depends on the quantity or 
electricity set in motion. In simple voltaic arrangem( 
quantity of electricity expresses the difference of the ten 
twcen the two electromotors; it depends both on the ra 
which they are combined (§ 505.), and also on the extent 
surfaces in contact with the intermediate fluid. In a co 
battery the whole force will be proportional to the sui 
electromotive forces of the individual pairs composing it. 

The retarding force is compounded of the different • 
which impede the progress of the current ; it forms tl 
by which its effect is more or less impaired. These « 
arise in part from the imperfect conducting power of th 
completing the circuit, and in part from the resistance w 
current encounters every time it passes from one cond 
another. 

The conducting power of a body, or its capacity for trar 
electricity, varies with its material structure : that of tb 
is some millions of times superior to that of the best co 
liquids, with which they have been compared. 

The conducting powers of the metals, ascert 
various ways, are as follow : — According to 
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Copper 

Gold 

Silver 

Zinc 

Platinum 

Iron 

Tbi . 

I^ad 

Mercury 

Potassium 



100 
93-6 
73-6 
28ft 
16-4 
1.V8 
1.V5 
8-3 
3-45 
1-33 
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Copper 
Gold 


ss 
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67-4 


Silver 


s= 


35-6 


Zinc 


ss 


33-3 
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ss 


2H-0 


Iron 
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17-4 


Platinum 


— ^ 


17-1 
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zs 


lG-8 


Lead 
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9-7 
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Snver = 136*25 


Silver = 


148-74 


Gold 
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103*5 


Copper as 100 
Gold = 79*79 


ear = 


100 


Copper 


=s 


100 


88-87 


Platinum 


s= 


2liJ-5 


Tin s= 30-84 


Cadmiiim=s 


38-35 


Brass 




152 


Brass wx^ 29*33 


Brass =■ 


27-70 


23-4 


Iron = 17-74 


Palladiums 


1818 


Cast steel 


. = 


13-0 


Lead ~ 14-62 


Iron s= 


17-66 


20-8 


Platinums; 1416 


Platinum s 


15-62 


Iron 


= 

. — 


15-6 




Tin » 


14-70 


18-2 




Nickel = 


13-15 


Mercury 




26 




Lead = 


10 32 









The above numbers express the relative lengths of the 
wires which, with equal diameters, conduct the same quantity 
of electricity. 

lie conducting power is not always uniform, it varies accord- 
to the temperature and the force of the current: Lcnzs 
iriments on this subject prove that the conducting power of 
als decreases when their temperature is raised, that the rate 
his decrease varies in different metals, and that in all it is 
Bned within certain limits : with regard to liquids, Mariani 
shown that their conducting power is increased by raising 
r temperature. The current of electricity itself, as we shall 
presently, is the principal cause of the conducting bodies' 
case of temperature; it acts variously, according to the 
ire of the liquids employed, chemically decomposing them 
it passes through them, and thereby, in a short time, fre- 
Qtly impairing their conducting power to a great extent. 
t is self-evident, that the better conducting power any sub- 
ice possesses, the less will be the resistance to be overcome by 
current in its transmission through such a body. The 
>unt of this resistance depends not merely on the structure of 
conductor, but also on its length, thickness, and temperature. 
Qce, that portion of the resistance in each body really owing 
ts material structure, can be ascertained only by giving equal 
^hs, breadths, and temperatures to the bodies compared 
sther. Fechner, from experiments which he performed, with 
accuracy and ingenuity for which he is distinguished, dis- 
ered the following laws : 

Vhe resistance offered by the metallic portions of the pile or 
ery, is directly as their lengths, inversely as their transverse 
4ons, (in wires, as their diameters squared,) and inversely 
> as their conducting power, which is, however, influenced by 
ir temperature. By length, is to be understood their dimen- 
18 in the direction in which the current travels. 
Vhe resistance of the liquid conductor is proportional to the dis- 
ie of the electromotors from each other in the liquid, inversely 
lie extent of the metallic surface acted on by the Uquvd, m- 

'OL, III. H 



98 EESISTANCX TO CONDUCTION. 

versely also as the conducting power of the latl 

ever, is affected by the temperature. 

Let / be the length of the metallic co 
thickness of the stratum of liquid betwe 
motors; t the transverse section, or area 
acted on ; c the conducting power ; and I 
which may be expressed by the following fo 

t e 

Besides the resistance to conduction of the mc 
parts of the battery, the current has further t 
resistance to transmission each time it passes out c 
solid body, whether it be an electromotor or me: 
of electricity, and vice versa. In this we have a 
to the vibrations of sound, light, and heat, wl 
retarded by passing out of one medium into ano: 
idea be correct, which some have entertained 
phenomena are caused by certain undulations ii 
resistance offered to the current might be explair 
manner as the retarded undulations spoken of i 
first noticed this resistance, the existence of 
causes by which it was affected, he proved by a v 
ments. Poggendorf also performed numerous < 
which he was led to the following conclusions. 

The resistance to be overcome by the eurren 
from the solid to the liquid, and vice versd^ deper 
duction of the electric fluid in the interior of 
varies, consequently, according to the nature of 
that of the metal in contact with it, being very i 
by the character of the surface of the latter. Th 
the electric current the stronger the resistanci 
where it quits one conductor for the other. If t 
traversed be changed, but the intensity of the 
the same, then the resistance varies in a ratio rati 
inverse ratio of the increase in the surface. If t 
b« raised it is diminished, and in the passage of t 
one metal to another it is indefinitely small. 

To estimate the resistance to conduction in a b: 
be acquainted with the resistance of some one 
body, such as a wire of known material, length. 
temperature ; the resistance such a wire actually 
it would offer if it formed a part of the battery, v, 
unit of measurement. This resistance is estimat* 
the results effected by the action of the current, a 
as a unit for'comparing similar actions. Hence t 
the conduction of the current offered either by i 
or by any particular part of the battery, may b 
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^e multiple, or some fraction of this unit ; or, what is the same 
rj^» We may find what equivalent length of wire will make the 
^ J'esistance. Ohm called the resistance referred to such a 
' ^^ reduced length, and a body or a part of a battery uf n 
^ tile reduced length is equal to another whose resistance tt 
^"ction is H times that of the wire, which is considered as the 

-^^ now we have a number of wires of various metals, and 
ot t:i)e same thickness as the normal wire, their lengths must 
J^ .*'espectively as their conducting powers, in order that 
''®*«* resistance to the transmission of the electric current may 
^ ^He same as that of the normal wire ; if this proportion be 

*^**v-<Bd, we may substitute one of these wires for another 
* <ic>n.Kiect the battery, and in each case the resistance will be 
L^**! » if the wires.be of the same metal, but of unequal 
^''^^v^ess, this resistance diminishes as the squares of their 

*^^^t:«rs. Suppose, now, the unit of measurement is a 
^I*I>^*' ^ire 10 inches in length, then adopting the values 

^*^ by Riess, an equal resistance would be offered by 

^^^^i:^ wire of the same thickness and IJ inches in length, or 
^ ^^ platinum wire 1^ inches long, or by a leaden wire 
^**^ ^i^ches, or by a silver wire 15 inches long: each of 



^^T^ Mrires may be «■ times longer, if it be n times thicker, 

,-^^^^^t its resistance to conduction being increased. In 

;* ^ ^^*^anner we may determine the magnitude of the retard- 

^?. ^<*rce of any other conductor whatever, by means of 

^^^^*i we establish the connection of the battery. Sup- 

r^^9 i^ow, we wished to know what must be the length of a 

^V*^^l* wire that would offer a resistance to the conduction 

^ ^««! electric current equal to that of the human body, we 

101'Ust ftfjt find what length of wire would equal the reduced 

^^^pth of the human body. In order to determine the 

wio between the resistance of any single member of the 

V^ ^ the human body, we have only to substitute the one 

^} the other, and thence determine the equivalent length of 

^'^ which, multiplied by the number of pairs of plates in the 

vattery, will give the reduced length of the whole battery, 

f^ it will always be found that its resistance to conduction 

18 much less than that of the human body. 

SiDoe^ therefore, the conducting power of a body is intimately 

cmiiMeted with the resistance a current of electricity has to over- 

tOBt, the force of the current must always exceed this retarding 

idbeoee, or motion will not ensue ; hence it is apparent why 

CfftliD substances may act as conductors to a powerful current 

vkicll ne noa-conductors to a feeble current, their conducting 

Mver beeomiDg an indefinitely small magnitude when the current 

■ ffvsk. 
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KX^ ohm's law. 

Now, with regard to the entire resistance which impedes the 
action of a battery, it is made up of two parts, vis. out of tlitf 
roslstance which the current meets with in its passage through 
the battery and that which is offered to it in theconnectiDgviRS 
exterior to the battery itself. The retarding force in the battfl7 
is ecjual to the sum of the retarding forces of the different pun 
of which it is composed ; it results, therefore, from the resistaixe 
to conduction offered by the stratum of fluid between the dee* 
tromotors, from the resistance to the transmission of the eastf^ 
from the solid to the liquid and from the liquid to the solid, aw 
from the retarding influence of the metal connecting contigwio 
plates. Hence it follows that in a similar combination of eco- 
pound batteries the resistance will be proportioned to the noobtf 
of plates. The retarding force of the connecting wires wetK/x^ 
depends on the material of which they are made and on tbemo" 
of their combination ; as a general rule, it is increased in propor* 
tii)n to the length and thinness of the wires and the lownetfw 
their conducting power. It is especially aggrarated by tbeiotff' 
position of bad conductors in the circuit, such as liquids or d* 
liuman body, as by this means there is the further impedhsoit 
caused by the current's passing out of one medium into anothtf' 
This is, for the most part, that portion of the electric cireoito* 
which the action of the whole battery is brought to beariBtfci 
performance of experiments ; any change in it must neeesan? 
att'ect the total resistance of the battery. 

If now our object be to determine the influence of an ekett* 
current on the electromotive force, which is especially theieti* 
factor in exciting and maintaining the current, we shall fio^^ 
following law of Ohm's important, as being applicable under i" 
circumstances, and as referring to all the causes which teod * 
impede the action of the battery ; it is, that the inUtuityof^ 
electric current^ when a battery is in action, i$ direetfy at tAe V^ 
electromotive force in operation, and inversely as the sum of ^^ 
hnpediments to conduction. It may therefore be expressed bf* 
fraction whose numerator is the electromotive force, and its deO^ 
minator the sum of the resistance of all its parts. Let I betii' 
intensity of the current, E the whole effective electromotive &•* 
in the battery, R its constant retarding influence, and rtbettf^ 
able retarding influence in the connecting wires ; then 

1 = 



R + r 



By means of Ohm's fundamental law, which admits in ^ 
applications of the most varied developments, the first clear insi|^ 
has been afforded into the apparently intricate circumstaS*^ 
wliich affect the performances of electrical batteries. 
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J£, acoordiiig to Ohm*s formula, we put the intensity of 
the current in a simple voltaic arrangement whose excited 
surfiwe is 1, 

I. 1= E 



R + r 



then the intensity of a current from a battery of n pairs of 
plates will be 

II. F *^ 



j»R + r' 



and in a single voltaic arrangement whose surface is n times 
greater than 1 , the resistance to conduction being diminished 
inversely as the area of its transverse section, the intensity 
becomes 

III. r'= ^ "^ 



R , R+nr 

n 

Now, if the action increases or diminishes in any part of the 
lattery, either by an increase in the electromotive force (£), or 
7 a decrease at any point in the retarding influences ( R + r), the 
^on of the battery will undergo a corresponding increase or 
decrease throughout, t. e. the increase or decrease of the intensity 
^Qsed by a variation in the electromotive or retarding influences, 
^ equally distributed throughout the battery. As, further, the 
^C^ of the current depends on the quantity of electricity circu- 
lating in the current, the amount of electricity flowing through 
*^y section of the battery will be equal, whatever its area or the 
^'^sterial of which it consists. Wherever the space is narrowed 
through which the ocurent flows, the mass of electricity must be 
^"jotfi condensed, whereas in a larger section it becomes propor- 
^l^udly rare ; in both cases the quantity transmitted is equal. 
^ area of the section through which it passes will therefore 
'folate the intennty of the current, which in every part of the 
^'''nc circuit wiU be inversely cu the transverse section of the con- 
^'^^ through which it passes, i, e. it increases in proportion as the 
''^ through which it is transmitted is diminished. This vari> 
^uOQ Iq lY^Q intensity of the electricity whilst the quantity remains 
^tered, is the cause of many of the phenomena of the voltaic 
''^''^nt The reader must not confound the intensity of the cur- 
""^ b a battery at work with the intensity of the polar tension in 
^ My iUted battery ; for the latter depends on the quantity of 
^''^^rieity liberated by its antagonist; it is measured by the 
"'Noon of the particles of the dissimilar fluids, and \& d^l^t- 
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mined by its influence on an electrometer; whereas the intesfltj 
of a current of electricity depends on the quantity of the + ^ 
tricities which neutraliie each other at every point of the eireait 
continually. The total intensity of the current will oonsequenlly 
be proportional to the quantity of electricity passing throu^ 
every portion of the circuit, whilst its rekUive tnleiu^vnll depew 
on the manner in which the quantity of fluid at each partiedtf 
portion of the circuit exerts its influence. 

From a consideration of the above, and especially from tte- 
explanation given of Ohm*s law, as to the intensity of the euifi^ 
in a voltaic battery, we may draw the following inferencttut* 
its action : — 

1 . ) When the resistance to conduction offered by the •^■'J 
ing vrires is very small, compared with that in the battery itt^ 
the battery does not act with more power than each singfepitf" 
plates composing it ; but a single voltaic arrangement aets At 
more po^rerfully the greater the excited sur&ces of its cieo- 
tromotors. 

If the resistance to conduction, r, in the coniiectiDgvi'<'r 
be very small, compared with that, R, in the whole bfltttfT' 
it may be disregarded, and the values of the inteositusi 
I, I^ I'^ in the preceding formulae, become 
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2.) Now in the converse case, that is, when the resistance*'' 
conduction in the connecting wire or other body is very gre«t» •* 
compared with that of the battery itself, then the action of ^ 
battery is more powerful, according to the number of paits w 
plates composing it ; but a larger pair does not act with pereep* 
tibly more force than a small one. 
• In this case let R, the resistance of the whole battery v 

the conduction 

pared with r, 

in the preceding 

I'' of the currents, the following values : — 

£ n £ _ n £ 

I ==^;r = ; V = — 

r r nr 

or they are to each other as 

I : r :F=E mE : £. 
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.) Since the resistance to be overcome by a compound hydro- 
trie battery, at any point of its circuit, affects its efficacy, we 
1 secure the maximum effect from a current in a battery of 
in surface, by making the resistance in the battery equal to 
: which the current has to surmount in the connecting wires. 
.) But since, in the construction of a battery, many causes are 
•peration by which the electromotive force may be influenced, 
1 as the polarization of the metals (§ 504.), the chemical 
age produced in their surfaces, or in the intermediate liquids, 
ollows that a permanent and almost unvarying effect in the 
rent can be attained only in those batteries where these disturb- 
causes exist in but a low degree, or where their forces para> 
i es^h other. See § 518. 

•"rom the whole, then, it follows that the efficiency of all vol- 

batteries depends entirely on quantitative differences, and 

t the same force, I, is to be maintained whatever change may 

E 
nade in either term of the formula I « s » by which Ohm's 

is expressed. 



D. Difirent EffscU of the Hydro-deetric Current. 



§ 512. 

The effects produced by a hydro-electric current may be ar- 
ged under the following principal classes: 1.) Magnetic, 2.) 
mtnoii^, 3.) Thermal, 4.) Physiological, and 5.) Chemical 
nomena, which we shall proceed to consider in the order in 
ich they have been enumerated. 

^) Magnetic Phenomena. These are the last observed, not 
ring been noticed until 1820. One of the most important of 
^ we shall consider before speaking of any of the other effects 
^uced by the electric current, because its discovery has fur- 
W us with the readiest means of becoming acquainted witK 
>&tever is essential to be known concerning these currents. 
^ phenomenon is the influence exerted by a stream of electri- 
y on a magnetic needle, which, under its influence, acts both 
*n electroscope and an electrometer ; hitherto we have con- 
'ci^ these instruments merely as affected by electricity in a 
'*6 of tension. 

''▼ery variation needle (§ 442.) placed near to a permanent elec- 
c current is deflected from its polar position, more or less, so that 
J®n the stream of electricity is transmitted from south to north 
'tow the needle, its north pole is turned eastwaid ot \o^«i^% \Jevfc 
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right band, but wbefi the current runs from north to south, tb 
north pole of the needle deviates to the left hand or westward 
these circumstances are exactly reversed when the fluid is mad 
to go in the same directions above the needle. Currents of elec 
tricity sent simultaneously in opposite directions above and beloi 
a needle, deflect it still more powerfully. If the current b 
powerful, it is sufficient to ctfry it but once over or under 
common needle in order to deflect it, but if the electric stream b 
weak, it must be conducted several times round the needle, tbu 
repeating or multiplying the deflecting influence of the singl 
current ; if the current be extremely feeble, it may perhaps b 
requisite to use an astatic double needle (y?p. 1S9.)> in whic 
the lower needle will stand between, while the upper one is abon 
the currents, so that both directions of the stream tend to defle( 
the needle the same way. JacobVs Compasa Galvanometer (a) ael 
on the first principle, the MutdfUer (b) invent^ simultaneous! 
by Schweigger and Poggendcrf, on the second, and NofnS^s Donh 
Galvanometer (c), on the third. The instruments just named ai 
not equally applicable for all kinds of currents : the use of one o 
the other is regulated according to the end immediately propose( 
whether it be to test the quality or the quantity of the current 
These instruments show the actual existence of an dectri 
current by the deflection of their needles ; from the directio; 
they take we infer that in which the electricity was transmittec 
and lastly, from the magnitude of the angle of deflection we lear 
the intensity of the stream of electricity, and the degree of re 
sistance offered to its conduction by any part of the battery (d. 
We shall presently show the relation subsisting between the de 
viation of the needle, and the intensity of the electric curreo 
(§ 522.), at the same time we will explain the various modes o 
estimating the intensity of such currents ; for the present wi 
must take it for granted that, in general, every current has i 
tendency to deflect the needle at right angles to its own line o 
direction, and that " caeteris paribus ** those are the most powerfu 
currents which cause the greatest deflection. We must refer th( 
reader to the section on Electromagnetism for a full explanation 
of the theory on which the construction and use of these instru* 
ments rests ; there also he will find an account of the various 
magnetic phenomena connected with them. 

We shall at once proceed to describe the mechanical ood* 
struction of such of these instruments as have come tD^ 
most general use. 



(&) Jaabf$ Compau Galvanrntler, Fig. li 




■riuioD DndicBi about 2 incho in length, 
under but cIoh to wbicb m copp« wire ibDul I line tbidi 
11 earriedi to the enda of which beyond the frame are ^tenol 
two mercary cup* or binding mtfw« a, by which tbit wire 
may be eoaneeted with the wirei of the battery. The needle 

vaei tbe gradutted eirct 

le dmuM be «t at 0, thai 




to an oral ibape, in tbe middle of 
a I turn, bnng either lupported on 
a thread. Tbe two eitreTDili«* of 
two meieurial eupt or binding 
ra a a, by meam of which tbe wire of tbe galTancnneteT 
b««lii part of the dectrie eireaii. That the rorrent may 
b* eaaifcl)«l lo Iravene the whole length of tbe wire witb- 
•Dt ifiii^a^ tnm one turn of the wire to UKitber, it n 
vmmt raoBd wU» metal coik of tilk, and tbe wbole i> 
natad «rar with a laniidi of gura-lae. Tbe aetioD of the 
■dti^lMr ■■ eooMdcnUy alAetcd by tbe number of circuits 
Mds bf Ac wire, tbe number being tcgnlaled aeeDidia^ u> 






■ iolsided, vbEtba 
s', ID the (onoa ea 
or at most bull fEo 
mure Grequenll;. Tu 
Itipliers have the wire pasted round from VX> 
to 300 or 400 times ; for particulai puipoan tlie wire h* 
been made to perform 1000 circuiU ; for imtuioe, Ftcba^ 
multiplier had a capper wire of 16,454 feet in leogtb, 'M 
WHS bent round ] 2,076 timet. Iti tbiekiww alio ii of in>- 
porUnce, and the feebler tbe current to be meuured^ 
liner should the copper wire b«. Laatif, in uang tfaii >" 
alrument, as also the compau gklianometer, it will ilnp 
be beat to place the wire in the ditec^iHi of the DUj, 
meridian ; tite angle of defleiion may be measured bj mn* 
of B graduated circle placed beneath the needle. 

(e) iVoiiJrt /)tiuUc GoJioitoiiHtor differs from tbe pr« _ 
chiefly in the application i^aile of ■ double astatic needle. Ou 
of the moat modem conslrucCion is represented in Jig. i^ 
The multiplying wire ia passed o»er and under a eyliodiW 



Fig. ]9a 




framcaajSj. 1 90 a., so as to leave a small a] 

the circuits of the wire for the reception of the lower O^ ] 
"Ilie upper needle, ni^p. 190,, turns just abore the ciren"' ' 
ofwire, on which a graduated card is laid like that rBp^ 
sented In^. ISB. The double needle is suspended W* 
fine thread /r of unspun silk, fastened »t p to a pulley, fto* 
which a common thread rp runs down the metal st&iid rf. 
■o a screw z, by which it ia movedl and thua the needle " 
raised or lowered at pleasure. To bring the coils of *■'' 
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and the graduated circle into a proper position under the 
needle, the multiplier is fastened on a circular plate b, having 
in its centre a cylindrical plug which goes through a hole in 
the stand g k that supports the whole apparatus : to the end 
of the plug is attached a handle edby which it is turned 
round. The two ends of the multiplying wire are connected 
with mercurial cups or binding screws kz,to which the con- 
ducting wires of the electric current are led. lliree ad- 
justing screws are placed beneath the stand to set the whole 
horizontally, and to secure the needle from draughts of air 
it is covered with a bell-glass G. 

In these and all similar instruments the electric current 
must be sufiSciently strong to overcome the directing in- 
fluence of the earth*s magnetism, or the needle will not be 
deflected. Hence it is evident that the sensibility of the 
apiMtratus, except that it may be increased by winding the 
wire a greater number of times, depends principally on the 
readiness with which the needle moves, and the smallness of 
its directing force. For these reasons it is better to suspend 
the needle by a thread than to rest it on a point, and we 
should use either single needles very feelt}ly magnetized 
or an astatic needle. The following example will shew 
how greatly the power of the current circulating in the 
multiplying wire is increased in Nobili's multiplier. Sup- 
pose that the multiplier wire wound 333 times, then the 
original current would act on the lower needle with a 
force of 666, and on the upper with a force of 333 times 
what it would have possessed had the wire made but a single 
circuit; adding both together, with a force 999 or 1000 
times as great. Both needles made, with a similar position 
of their poles, 57 vibrations in a minute, as astatic needles 
only 9. As the directing forc^of the earth's magnetism is 
proportional to the squares of these numbers (§ 449.), in the 
common needle this force will be 3248, and in the astatic 
needles 81, in the latter, therefore, it is 40 times less, and by 
consequence, the electric current acts with 40 times the force 
upon it. The deflecting power of the original current will 
therefore be increased by this galvanometer 1000 x 40 = 
40,000 times. 

(d) In a simple voltaic arrangement where the same con- 
necting wire is used and the excited areas of the electromotors 
are equal, the deflexion of the needle will be greater, the 
greater the difference between the electrical tensions of the 
electromotors ; this will evidently depend on the quantity 
of electricity set free by their contact and accumulated on 
their equal sur&ces. Hence hydro-electric batteries of two 
heterogeneous metals and two different liquids (§505.)caui%'& 
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the greatest deflexion of the needle. In similar nmple gal* 
vanic arrangements the deflexion increases with the inereKt 
of the electromotive surfiue acted on, but not quite in Ae 
same ratio, on account of the resistance to be oxeKOOA^ 
the fluid in its passage from one element to another (IJII*)* 
In the same battery the deflexion of the needle deeR«aeithe 
greater the distance of the electromotors firom each other a 
the intermediate liquid (§511.). In a compound bittei]f» 
according to Ohm's law, when the resistance to conduetioBB 
the connecting wires of the multiplier is extremdy snw 
compared with that of the battery itself the needle is nuDtnfle 
powerfully deflected than by a single pair of plates (§ 511*^ 
Colladon was the first who proved that a stream of dM- 
tricity, generated by friction, caused an anal<^us defieaM 
of the needle, thus furnishing additional evidence of A^ 
identity of frictional and contact electricity. To efie^ tt0 
we require a multiplier which makes a great numbcfw 
circuits, and a continuous stream of the electric fluid; ^ 
this purpose the multiplier is interposed between a ooodncto' 
running from the prime conductor of the machine to iti 
cushion (a piece of wet tape will do very well) ; wheadK 
circuit is completed, set the machine in action ; or obsi^ > 
Leyden jar or battery by such a damp conductor, one end « 
it being connected with the outer, and the other with the 
inner coating of the battery. This last is the mode adopted 
by Faraday in his observations on electrical phenomena, m 
order to verify the contrast subsisting between fnctiowl 
and voltaic electricity with regard to quantity. A very 
small voltaic battery consisting of one platinum and oneSQC 
wire, -^th of an inch thick, immersed in very slightly acido* 
lated water, and held at a distance of jrd or^ an inch asunder 
for 3 seconds, deflected the needle of a galvanometer asmneb 
as the charge of an electrical battery of 8 jars which had beeo 
loaded with SO turns of a powerful machine. When he used 
1 5 jars and charged them with 30 turns of the machine, the 
quantity of electricity in the battery was the same, but it< 
tension or density was rather les^ and when discharged it 
caused precisely the same deflexion of the needle, as in the 
first experiment ; on turning the machine 60 times, the bit* 
tery caused a deflexion of the needle twice as great bs >^ 
first. 

§ 513. 

2. ) Luminous jiheiumena occur at the moment when and *^ 
the points where the poles of a battery are connected by n^e*^? 
of the connecting wires. The electrical spark is very small 9fi^ 
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»rt, for it is emitted when the wires are almost in contact with 
poles of the battery ; its colour and the intensity of its light 
>end on the metal by which it is rendered visible ; probably 
s difference is owing to a partial combustion of the metal, at 
points where the electric current passes from the poles to the 
'es When the connexion is established by means of mercury, 
i light is white and brilliant, if by means of iron or steel, it 
of a reddish hue, with small scintillations radiating in all 
ections. 

A spark of this kind will be emitted from a small hydro- 
ctric arrangement of two plates only, but if the battery consist 
several pairs of plates, the spark will be brighter; its intensity, 
tvever, depends rather on the extent of surface in contact with 
i fluid, than on the number of pairs of plates. 

Very brilliant sparks may be obtained by means of a 
Grove*s battery, of one zinc and one copper plate of ordinary 
dimensions, or with a few pairs of Bunsen's carbon battery ; 
with either of these the following experiments may be per- 
formed. 

Experiments. 1.) Bring nearly together the amalgamated 
ends of the polar wires, while the battery is in a state of 
activity, a small, white, starlike spark will be seen accom- 
panied by a crackling noise like that which attends the 
emission of a feeble electrical spark. 

2.) Plunge the end of one of the wires into a small vessel 
of mercury, and bring the other near the surface of the 
metal. A similar spark is emitted just before the point ^ 
touches the mercury, on which a small black speck may be 
seen where the spark struck it. 

3.) The spark obtained from an amalgamated point is 
visible under water or in the flame of a candle. 

4. ) Fasten a fine sewing-needle to the end of one of the 
wires, and touch the other pole with the free end of the 
needle ; a starlike red spark will be emitted. A continued 
stream of these sparks may be obtained by connecting a 
small round or triangular tile with one pole, and presenting 
to it and removing from it with great rapidity the point of 
a copper wire attached to the other pole. 

5. ) Coat the ends of the connecting wires with soot, by 
holding them in the flaM of an oil lamp, and the sparks will 
be both larger and brighter ; they will be obtained of the 
greatest intensity by holding the points of the wires in the 
flame opposite to each other. 

Nobili says, that, in performing experiments of this kind 
he obtained the brightest sparks by connecting the two ends 
of the battery with a long spiral copper wire, or with a wire 
insulated by being wound round with silk. 
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§ 514. 

3. ) Themud phenomena, — Heat is elicited wh^ an electric 
current is generated by completing the circuit in a voltaic pik|it 
manifests itself in the connecting wires, in the electromotors, and 
also in the intermediate liquids. The intensity of the heat is 
regulated rather \>y the size than by the number of the plates; it 
is greatest in those batteries which have the greatest difiereoce of 
tension (platinum and carbon batteries), 'lliis effect seemtto 
depend more on the quantity of the electric fluid than on ib 
intensity ; the latter does, however, exert some influeDce, » 
Pfaff informs us, that with twice or three times the numba d 
plates, a wire became hotter than when it was comiected widi i 
single pair; the heat is further dependent on the conductiif 
power of the body, bad conductors of equal length and thieknes 
with good ones becoming much hotter than the latter. Many 
attempts have been made to explain the causes by which then 
thermal phenomena are excited and modified. This has beei 
done, on the whole, in the most satis&ctory manner by Obo. 
who assumes, that the degree of heat depends on the intensity of 
the electric current in the interior of a body, and also on its cod* 
ducting power; according to Riess*s experiments, it has beea 
ascertained that the relative power of metals for acquiring electric 
heat, is directly as their retarding powers, or the resistance tbey 
offer to its conduction, and consequently, inversely as their capa- 
city for heat and their density ; these magnitudes may therefo*^ 
he expressed by a fraction having for its numerator the retardii^ 
force, and for its denominator the capacity lor heat and the qiecific 
gravity. These thermal phenomena seem further to be a resuh 
of the resistance which the conductors offer to the union of the 
+ electricities ; whence, in addition to all other causes, its in* 
tensity will be greater, the greater the quantity of electricity 
neutralized in the electric circuit 

In the metal wires by which the poles of a battery in action 
are connected, the heat is manifested by the incandescence of the 
metal, or even by its combustion, the heat being the most intense 
in the finest wires. 

In very powerful batteries, such as Children's, Hare's and 
Strating's deflagrators, or even in nlatinum and carbon batteriesi 
of considerable size, and from l^to 20 pairs of plates, the d«" 
velopment of heat is so great that substances, which are bard 
enough to resist the action of any furnace, are readily fused and 
burnt. To this may be added the remarkable fact, that these 
phenomena occur under circumstances in which we should D<'^ ] 
have expected them to happen, and under which they could not 
have been brought about by the ordinary process of combustion i 



r iiutaiice, wire* «rd ebircml points may be made red hot 

>der water, mad metals may he fused and burnt in vacuo, and 

doae vesrclg filled with gates vbieb put a stop to the cbemi- 

I pTDcesa of combuatioD, such as nitrogen aod caibonic acid 
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Batteries of platinum and carbon are best adapted for pro- 
ducing powerfiil incandescence and eomhuation, especially 
oa account of the steadiness of their currents. With one of 
these batteries of fiom S to 6 pairs of plates, each contuining 
m nirfiu» of from 10 to 20 square inches of platinum or 
carbon, very brilliant effects may be produced. Nearly 
equal effecIB accompany the use of a baltcty of double the 
number of Hare's zinc and copper spirals, each of which 
diould have a copper surface of Irom 150 to 300 squart' 
inches ; it continues, however, in action but a short time, a!> 
after ■ quarter of an hour the intensity of the current is per- 
•cptibly lessened, whilst the other battery will maintain it'. 
■Mian for an hour or more unimpaired. The following 
nc the moM important results which may be obtained from 
A«s« batteries : — 

3.) Connect the poles of the battery by means of a very 
tat iron or platinum wire, several inches in length, ot i 
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piece of thin unlch-spriiig will da, and the TOetJIi/SfK 
come i«d hot Shorten ihe wire, and it will become irbil< 
hot and then rnelt ; nu« use a stouter piece of wiie, mi U 
heal altained will be less. Substitute silver or nipper vii 
of equal length and thickness with the iron oc pliliiuin 
wire that was raised to a red heat; in consequence ''" 
better oonducling power, it will merely be made hot w 
being melted ; whereas a stouter and longer piece oCatiiB 
tin or lead would readily fuse. 

3.) Establish a connexion lietwcenthe poles by niea 
stouter platinum wire pointed at the ends ; fuoon wiQ ait 
place at the points of rantscl, to which the wire wi 
manner be soldered. The eflect will Uke place eien 

4. ) Conduct the connecting wire through a small qii 
of somenline solution, placed in a watch gla^ or an es 
ware cup ; the liquid will presently boil, and those pUU ^ 
Ihe wire beyond it will be made red-boL 

j.) Sulphuric sther, alcohol, phosphorus, gunpowddi 
and other combustible materials, may be ignited by nalwl 
the connecting wire in pass through their moss, or to 
some part of their surface. 

In consequence of their pouessing this property, byiln)- 
electric batteries have been uud to spring mines, even uo^ 
water, with success. ETperiments on this mode of blMiii| 
were first made succeBslully hy Hare, in N. Ameriei,^ 
1S32, and by Moigan, who applied it to the blasting «■ 
rocks, and to other mining operations. Its appUcabili^ W 
the exploding of mines in war was pro»ed two years latBi * 
Petersburg ; similar experiments have since been perfi*™ 
with equal success in the Netherhinds(1897},andatCh*tbm 
in 1S3S and 1H;)9, hy Gencrnl Pasley, (specially to ii 

gate explosion under water { the results have fully estd. 

the certunty and safety of tbew modes. In the NetbeilMfe 
an inconstant but powerful Wollaston's battery, of gjl^qu 
feet efEeclive copper surface, at Chatham, a DanicQ'l e 
slant battery of to cells, each containing an effectiie oop 
surface (^ 230 square inches, were used lor Ihe experiiBMll' 

On Ihe S6th Jan., lS43,n blasting of rock hy this I ^ 
was performed on a very large scale, when the Hound Ita**; 
was blown up in the neighbourhood of Dover. Cuhilb A* 
engineer employed by the Luiidon mid Dover Riil>^ 
Company, in the construttion of their line, deposited <i 
charges, in all IB.OOOlbb uf powder, so that the middle 
was 70ft., and the others each S.^ Ft. from the eitremiril- 
tbecliS: The powder was fired hy means of 18 Daliiell|*: 
and 2 commoti batteries uf LfU pairs ul' plates, at a disUmce'* 
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1000 feet, it haying been previously ascertained that it miglit 
have been fired even at a distance of 3300 feet. (Probably 
a few Grove*s or Bunsen's batteries would have answered 
equally well.) 300,000 cubic yards of chalk, weighing 
600,000 tons, were set in motion at once, and the cliff wus 
considerably lowered for the length of 500 feet. 

It is of great importance that these results can be at- 
tained with perfect safety and at considerable distances 
(Basse, at Hamela, raised a piece of platinum wire to a 
state of incandescence at a distance of 4000 feet) ; as also 
that the conductor may be carried through the air, or on 
or under the surface of the earth, nay, even through 
water, without the action of the battery being thereby im- 
paired. This mode of blasting may be more generally used 
since the adoption of small carbon and platinum batteries ; 
the great expense having formerly been an obstacle, as the 
early experiments were performed with large deflagrators. 

Jacobi, to whom we are already under such considerahle 
obligations for his numerous experiments and theoretical in- 
vestigations in this department of science, was employed, in 
1842, in conductllig a series of experiments for discovering 
the best mode of conveying hydro-electric currents for tele- 
graphic purposes. In examining how far water might be 
substituted f<»' a metallic conductor, he arrived at the im- 
pcHtant results given below. He first established a con- 
duction of this nature between Oranienbaum and an arm of 
the Crulph of Finland, a distance of 5600 feet, one half 
through water, and the other through an insulated copper 
wire, j of a line in diameter, which was carried over a dam, 
to that the entire length of the connexion was 11,200 feet. 
The electric current was excited by a Grove's battery, of 24 
purs, and a common voltaic pile of 1 50 6- inch plates. A 
tme plate of 5 square feet was sunk in the sea from one 
pole of the battery, and at the opposite end of the connecting 
wire a similar plate was sunk in a canal joining the sea. 
Charcoal points were used for completing the circuit of the 
Grove's battery ; these, and also a fine platinum wire, were 
made red-hot, and these phenomena appeared to be more 
intense than when copper wires were used as conductors. In 
a later experiment he employed a similar conduction, the 
distance in this case being 9030 feet, namely, from the winter 
palace of the emperor to the Fontanka, near the Obuchowski 
bridge. One of the conductors was a copper wire carried 
voder ground, the other was the Neva itself, in which a zinc 
plate 5 square feet was sunk beneath the surface of the river. 
At the other extremity a similar zinc plate was immersed in 
a mall pond, whose level was 5 or 6 feet above the Fow- 
^ in J 



I 
I 



lank*. (Wran vhicb it wh separaleil bj ■ flood-jrstc Tlieljil- 
tn? corKintal of 2J small Danlell's constnU ballEiiis. b; 
tuiNins of Thich, RotwithiUndinfCthe great eiunt of nter, ill 
the galTBiiic iiid niB^etic phcnomeni irere produced Al 
LeoE*siugge!ttu>rk, a diflerent ipecieK of cooductiou tuItW 
belveeti tlie Hme BUtions. A conneiion wu estnblislicJ ■'>'> 
a point of Ihe iron roof of the -winter palacr, which inseiii- 
nected with the ground ]i} mcnni of conducting rodi, al 
[he current was carried cquallj' veil along the mouil cirth. 
6.) To the end of one of the wires fbsten a smali stripof 
gold or silver leaf, or of copper or linc foil, or n small |rie« 
ofeitremEly thin tin or lead, and estsbliah a coniaot bemo 
any one of Iheae and the opposite pole, or one ofthi pbUB 
conneoled with it, and ctnnbnstion of thi: metal will esm 
attended wiih a hisring noiae, and with rariouslj colouni 
light. Gold burns with a blueiah white light, and l»'a 
behind a dark brown oiide. SiWer bums with a brightio 
green colour, and Gmic<i a grejiih vapour. Tlie combusUi* 
of copper girea out a Uueith green flame, mingled wiih n' 
sparks and a greenish smoke. Zinc bums with a dandiqj 
while light and white vapour ; tin with red spsrks, and lial 
with a purple flame. This combustion of the metals a i*^ 
dered still more yivid, by connreiing one pole with ataoll 
■n(] placing tlie metal that is attached to the other poteil 

T.) The most splendid phenomenon of tlii!i kind b t* 
combustion of charcoal points. Pointed pieces of the !•■ 
alduunn obtained from gas retorts will answer best, ol Bw 
sen'i cumpontion may be used for this purpOK. ^"" 

your battery ; bring Ihe points together, and they will Ixp' 
to bum with a dazilini; white light. The charcoal pmiM 
the large apparatus lielonging tii the Royal Iiutitutie^' 
came incandescent at a distance of^ of an inob i i ' ~"' 
distance was gradually increased till they were 4 inci 
der, they continued to burn with great intensity, ■ 
manent stream of light played between them. 
Bunsen obtained a similar flame from ■ battery of' 
of plates, ilA carbon surface containing S9 feet. Tl 
this flame is so intente, Ihnl stont platinum wire, 
Itiarla, talc and lime, are reduced by It 1o the liqiull 
It is worthy of remark, that no combustion, pr"" 
called, lakes place in Ihe charcoal itself, which suat 



dens. 







rarsioLooicAL effects of the cukrekt. 115 

porters of combustion. Instead of two charcoal points, one 
only need be used if the following arrangement is adopted : 
lay the piece of charcoal on some quicksilver that is con- 
nected with one pole of the battery, and complete the circuit 
from the other pole by means of a strip of platinum. When 
I have used a piece of well-burnt coke in the manner just 
described, I have obtained a light which was almost intoler- 
able to the eyes. 

These thermal phenomena happen not merely at the 
points, as in the experiments described above, but also in the 
battery itself, both the electromotors and the connecting 
liquid becoming heated, the elevation of temperature of these 
latter being much less than that of the connecting wires, be- 
^ cause the trans?erse section of their conducting surface is 
,much greater. 

§ 515. 

4.) PkyticHogical «/fects. .— The physiological effects of the 
lydro-electric current on the nerves and muscles of animals are 
•KDtially the same as those produced by frictional electricity, 
nodified, however, in some degree, by the continuous action of 
lie current ; they are also characterised by the presence of some 
Atmical influence, which excites the organs of taste and sight in 
L remarkable manner. Very small batteries are adequate to ex- 
^ the organs of taste and sight, but a large apparatus is needed 
so produce any perceptible influence on the sense of touch, so as 
"O cause the nerves and muscles of the human body to contract 
^bfen it forms part of the circuit. These effects may be rendered 
^Wst indefinitely more powerful by increasing the number of 
Pittn, whereas the magnitude of the excited surface exerts no 
P^ntptihle influence on them. Hence, to produce a shock, we 
l^otdd use the common voltaic pile, or one of Faraday's or 
young's batteries (§ 506.), with plates of about 2 square inches. 
The most eflScient batteries, with large plates, and even 
^^••e of platinum and charcoal, which exhibit to perfection the 
'^iBarkable phenomena of incandescence, seem almost totally in- 
*^6tive when used to produce this other class of effects. Tliis 
I'^KM^ly-marked distinction in the capacities of batteries consist- 
'''HQf a number of small pairs of plates, and those which are com- 
P^HBd <^ a few large pairs admits of a satisfactory explanation by 
^'hni'slaw. (§511.) In any case when it is desired that the 
**»eBt diould exert a powerful influence on some bad conducting 
^Aitaneet the density of the electricity must be increased as much 
^ poaible by employing a great many pairs of plates, and thus 
2^ nnstanee offered to the conduction and transmission of the 
*^ througb its circuit by the interposition, for eiK.anv^\c, o^ V\\^ 

1 2 
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human body, is more easily overcome : this end would not h 
tained by increasing the quantity of the electricity, wbici 
inip^ht doj either by increasing the effective sur&ce, or by i 
mure powerful combinations, because, by either of these mean 
should reduce only the resistance that we meet with in the 
tery itself, and that, compared with the resistance of the 
conducting substance that forms a part of the circuit is, aftei 
but very small. So, also, we can easily explain why these el 
are rendered still more powerful, if that portion of the hi 
frame which is enclosed within the wires be moistened with i 
liquid that is a good conductor : the effect is heightened 
further, if large metallic surfaces, instead of merely the poin 
the wires, are brought into contact with the body : by eith< 
these modes, the strong resistance which the human frame < 
to the transmission of the electricity is much lessened. 

Suppose we use a single pair of plates, whose electn 
tive power we will call 1, and that the resistance of the 
man body which forms a part of the circuit is 100 1 
greater than that of the pair of plates, then, by Ohm's 
inula, the effect of the current on the body may be expr 

by the fraction = . Next use a battery coi 

^ 1+ 100 101 X ^ 

ing of 100 such pairs, and its effect will be representc 

100 

. . = L which is much greater than that of the s 

100 + 100 * 

pair ; now if we were to employ a single pair of plates 
an electromotive force 100 times greater than that of th( 
first spoken of, or, in other words, one whose resistan 
conduction shall be 100 times less than that of the for 
the effect of its current on the human frame would be 

= which is but very little more than tl 

^ + 100 100.01 ^ 

the first pair, whose electromotive power we supposed 

only ^jjgth part of the power of the latter pair. 

The following are a few of the principal experimen 
means of which these effects of the voltaic current nu 
verified. 

Experiments (1). GahanVs fundamental experiment 
serves the first place in this list. Touch the nerve of a 
frog's spine and the muscle of one of his thighs with tw< 
fcrent metals, ex. gr, with zinc and silver, or zinc and a 
wires, bring their points into contact, and the frog's le| 
become violently contracted. These muscular contnu 
will be repeated as of);en as the connection of the wires 
established, and in young frogs especially they may be 
ceivcd even an hour afler death. Bailey substituted 
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complete success the hind leg of the common grasshopper for 
that of a firog. 

2.) Imparting the shock to a leech. Lay a silver coin, a 
five-shilling piece will do very well, on a larger plate of zinc, 
either metallically pure or amalgamated, and on the coin 
place a live leech. When he moves so as to touch the zinc, 
and thus establish a connexion between this metal and the 
silver, he will receive a shock, and will instantly recoil. 

S.) The nerves of tatte excited in the human subject. If 
the hydro-electric circuit be completed by the interposition 
of the tongue, one pole of a battery being placed in contact 
with the tip of the tongue, and the other pole being made 
to touch a moistened part of the face, the metal on the 
tongue will excite a peculiar taste, varying according as it 
conveys either + or — electricity; the former produces a 
sourish cool taste, but the latter causes a bitterish burning 
or alkaline taste ; this is owing to the chemical decomposi- 
tion of the saliva by the electric current in its passage. The 
effect may be produced by means of a very simple galvanic 
combination, namely, by laying a silver spoon and a polished 
strip of zinc one above and the other under the tongue, and 
then brii)ging the ends of the metals into contact, llie 
sensation will be more powerful if a small battery of from 
10 to 12 pairs of plates be used. 

4.) Excitement of the nerves of sight, A peculiar flash or 
luminous appearance will be produced by bringing the poles 
of a voltaic battery to two parts of the body between which 
the eyes are situated, as, for instance, the comers of the eye- 
lids ; or a similar effect may be produced by holding one of 
the wires with a moistened hand, and planting the point of 
the other wire against tlie edge of the lid, or against a piece 
of tin-foil held over one of the eyes, which is to be closed. 
The phenomenon occurs on completing the circuit, and 
again in a lower degree when the connexion is broken. A 
similar but more feeble impression is produced by placing a 
silver spoon between the gums and one cheek, and a strip of 
zinc held in a like position on the other side, the circuit is 
completed by making the metals touch outside the mouth. , 
The intensity cS the flash b heightened by using a small 
pile of some 10 or 12 pairs, and establishing a connexion 
by means of the hand, the wire being brought against some 
moistened part of the &ce. 

5. ) Infiwmee on the organs of hearing. Bring the poles 
of a small battery to the interior of both ears, and at the 
moment when the connexion is established, a slight shock 
win be tAt in the bead, and a roaring sound will be heard 
■fo loi^ as the wires are held in place. 

I S 



wiw commence alminl iiutantly, the potastium dKHlId bf 
put in pvtrolEum, ot Burbaducs lar. 

By 8*a'Jing ounelves of the affinity of mercury, (he »lti- 
Tu» maj be re Juctrd vilh apparatuii i^ mCiui power '. 40«r^ 
iog to F&S's snd Hencliel'a tuperimcDts will] pUeii^™' 
more tlian 10 pain of plaUs. To perform ihii eiiWtiiiiRtI, 
Moop out a pretty deep liole in a piece of moistened caiMx 
potub, and fill the cavity with mercury ; lay the puUlh 9> 
■ platinum piste wliidi is connected with the + puk uC th' 
pile, snd put the quicksilver in contact with the — ("It 
vhose wire niuit be either tron or platinum, on it the m ~ 
cuiy will speedily be depoailed as a solid amulgnm. i 
cording to Berulius, it ia bett to pour a concentrated IjenT 
stic potash, the mlulion being such a satiimtcd am ''"' 
hall contain some potash undis.'jolved, over the me 
which should be held in on earthenn-sre saucer, then en 
the negative wire to the mercury, and the poutiie pIuinuK 
one into the lye; the quicksilver will become tbickfru^ 
thicker, and small metallic crystals o{ the amalgam of 
num will be formed, their figure being apparently cut 
Sodium may be decomposed as readily as potajHiom. If 
I the aid of mercury, if we use some of its salts, especiiUr 

line earths may also be reduced b; tneani of mercury, 

combines with their metallic radical so as to form ainalgHiHl 

^e earths will, hoveier, require rather powerful batlerio. 

By this process we may obtain tlie ajiialgam of (uwnu^ 

Berzellus's method of obtaining this siugulnr Eutntanceil 

the following. The experiment may be performed, he ap. 

'he same manoer as the reduction of potash, with thiidi^ 

nee only, that a concentrated solution of sal amiaMiii 

should be poured on the mercury, which will bcgui to 

swell up and continue to do so until it attains tram iUii 

times its original volume, the metal will acquire a lilrerf 

whiteness, and will lie of the con^stency of butter. 1'ti' 

nalgam maybe procured in larger quantities, and of a 

4er form, by Ecooping out a hole in a piece of sal amiaomii 

moistening it with a little water, and pouring a small qiW" 

tity of quicksilver into the cavity, then connect the utiitvij 

by a platinum wire with the — pole of the battery, a or"" 

Ire being made to join the moistened cal ammonia 

e + pole, pasting as near as possible to the quickL. 

without coming into actual contiitt willi it. The gtobulB" 
quickriWer will increase gradually till at lost iteitco^^ 
beyond the cavity which at tirst contained it. 'I'his amalg»« 
is procured most copiously and readily, if the quickoli^ ' 
Anplajrcd in the last vipcrimenE to accelerate the redi '"' 
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be combined with « Terr minute portion of potamium or 
sodium, and the battery be then ananged as described 
above. 

Fifth Expt. ThtMsmissiom of the decomposed elements 
threuyh substances which hate a Iok emidmcting power, and 
through liquids which have a chemical affinity for them. — The 
transmission of the substances throu;;h porous bodies of \o\v 
conducting powers, and through 6uids with which they 
might have been expected to combine chemically, so that 
they arrive at the respective electrodes of the battery is cer- 
tainly one of the most extraordinary phenomena of electro- 



Hie third experiment may serve as an illustration of the 
transmission of the elements through porous bodies, as blad- 
ders, earthenware, and the like ; for, on referring to that 
experiment, it will be seen that the current and the electro- 
lysis of the metal are transmitted through the bladder. This 
process may be rendered visible by filling the glass tube 
with a solution of sulphate of sodium, and the outer glass 
with water, then colour both the liquids blue, with some 
vegetable tincture; and that which contains the negative 
metal will become green, and that in which the positive metal 
stands will be red. The like obtains in those batteries which 
have two fluids separated by means of a porous earthenware 
4JelI. 

The products obtained by the decomposition of the sub- 
stance electrolysed, pass to their respective poles, through 
different liquids which communicate with each other, as may 
be shown thus : 

fill two small glass vessels with the liquids to be de- 
composed ; connect the vessels by means of some threads of 
cotton. In like manner interpose another vessel, also con- 
taining some decomposable liquid, between the first two ; 
connect it with them by thread ; into the outer vessels bring 
the poles of a galvanic battery, and the following results 
will be observed. 

In whatever manner you may have distributed the fluids 
in the different glasses, after some time their electro-negative 
element will have accumulated in the frlass that contains the 
pontive electrode, and the positive element in that which is 
connected with the negative electrode. Immerse, ex.gr.^ the 
positive wire in a solution of sulphate of sodium, and the 
negative wire in pure water, the acid will collect about the 
wmer and the base about the latter: the base must therefore 
We been carried over into the other glass. This inter- 
ctege of the substances may be made apparent by 
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dyeing the liquids in the two Yessels blue, with tincture of 
violets. 

'llic acid or alkaline elements, in their passage through 
the middle glass, do not in the least degree affect the liqiu^^ 
it contains. 

This transmission obtains only when they have to p*s 
through a fluid with which, but for the voltaic pile, they 
would form a solution. 



§517. 

Faraday's comprehensive investigations led him to discoW 
two important laws in electrolysis, the accuracy of which h* 
been confirmed by the subsequent researches of Professor Jaeoh- 

lie found that, " Ike chemical power of a current of dectruitji 9 
in direct proportion to the absolute quantity of eiectriciij/ v^ 
/)flrs.srs," or, expressing it according to Ohm's law, "to the qiuu^ 
of th'ctricity which passes during the process of decomposition thrcn^ 
the transverse section of the baltery," Hence it follows that the 
same quantity of electricity will always decompose an eqi* 
portion of the same f;ubstance : so the quantity of the eleoMOtt 
obtained in any given unit of time will depend on the density tf 
intensity of the current employed. Hence if the intensitiei he 
twice, three times, or n times greater, twice, three times €€• 
times as much of the body electrolyzed will be decomposed. l» 
the mass and density of the electricity emitted, that is to sa/t ■ 
tlie electromotive power and its intensity, remain unaltered, tfcl 
efloct of the current or the quantity of the substance decompo** , 
will be the same ; but if one or both of these factors be alteitA j 
tlie degree of chemical decomposition will be proportioDliq j 
affected. ^ I 

If we take into account the time required to produce a eO^\ 

effect, we may use any substance to measure the intensity of ^ 

electric current, if it possesses the following properties, vix. th>* 

it is easily resolved, that its structure is perfectly uniform, •■ 

that the products yielded by its decomposition admit of brtUg 

readily measured ; the reader will bear in mind that the qtu»&9 

of electricity discharged in a current is measured by means of > 

galvanometer. Faraday first constructed an apparatus ^ 

measuring the intensity of the electric current, and gave to bn 

invention the name of a volta-meter. The electrolyte which best 

fulfils all the requirements is water, and any arrangement ifl 

which a stream of electricity is made to decompose it, if furnished 

with the raej.ns for measuring the quantity of gas thus gcneratedi 

may be regarded as a volta<meter. 
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Fig. 194. In fig. 194. we have represented 

a Terr sample and efficient kind of 
Tolta-meter. V is a glass cylinder 
capable of containing from two to 
four ounces of water : it is cohered 
with a well-polished piece of plate- 
glass, (the lid mav, however, be made 
of metal, if care is taken to insulate 
the wires a and by which are carried 
through it), p p are tlie two electrodes, which consist of two 
plates of platinum or iron placed parallel, and as near to- 
gether as possible. The wires to which these plates are 
soldered pass air-tight through the lid, and are connected 
by two binding screws with the wires of the battery, g is 
also a glass tube, fixed air-tight in the top of the cylinder; it 
is meant to be placed under a graduated glass tube in vi hich 
the oxy-hydrogen gas is taken off as it is liberated by the 
decomposition of the water. According to Poggendorf*s 
experiments, if the electrodes be of platinum, it i^i best to 
mix the water with sulphuric acid, but if of iron, it is ad- 
visable to add, instead, a tenth part of caustic potash. 
The other law, equal in importance to the first, is this, " the 
Wnmt of electrO'Chemical action if a coiutant quantity, r. e. would 
heays he equivalent to a standard chemical effect founded vpon 
fdinary chemical affinity^* in other words, the quantities of th^ 
roducts which any stream of dectricity disengages by resolrinf/ 
vitms deetrolytes are to each other in the same ratio as that in 
'hieh they combine chemically. This is known as the law of definite 
idrolytic action, in accordance with which Faraday has called 
MHe masses of bodies which combine with equal definite quan- 
ties of electricity electro-chemical equiwdents. From the above 
iw we may deduce the following important conclusion, that, in 
msequence of the proportionality that subsists in all decompo- 
doiis effected by liie same quantity of electricity, reckoning 
icording to the atomic weights of the bodies resolved, the atoms 
^ all. substances whatever must take up or hold, in an equally latent 
Ue, equal quantities of electricity. 

From a number of experiments originally performed by 
Faraday, and since repeated and modified by PfufT, it was 
ascertained, that for every atom of water decomposed by a 
hydro-electric current in a volta-metcr, one atom of any 
odier electrolyte or ion would be resolved by the same stream 
in its passage through another cell containing it. Thus 
Faraday found in transmitting a current of electricity through 
a ToHa-mefer which had an amalgamated zinc plate for its 
positive and a platinum plate for its negative electrode, that 
one part by weight of hydrogen was e^oVs^Oi dX >^^ 
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parts of line verr di&wlved at the folUKr. ] 
the tfctuivmlentt of hyilrogeD and iinc are tu ticli oif^ 
I3-4S : 403 S3, or Ml to ^■i-3. The cunent wouM pn 
pt«i«l; tbe <une effect if conducled through *ny <" 
arranged appantus, rr. gr., in a single pair of pi 
amalganialed line and copper, or in a eampouu 
ballery. for ever; equivalent of hjdiogen thai is [v 
equivalent afuoc would be dUsalved, so thai Ihecai 
of the metal would be always equivalent to the 
electroljsis reached. 






The power of the electric current ta cffeet chemii 
position manifests itself, as faai been already remarkiHl, 
nery memlicr of a voltaic pile. This chemical adtioi 
influeDce on the effect of the current gene 
Ijdio-elcctiic battery: its inRuenec being greatest 
'ilute acid or some saline ) 
iployed as the eiciling liquid to act upon the mcla! 
batteries in cODscquence of their combination pos!«sH i 
instance but a feebU force, for the same fluid is in cc 
both the eleetro-posidve and the electro- negative n 
aequenlly the electromotive power of the two metals ii 
though unequally impaired ; their inSuence IhereTon 
lag the current correspond! to the difierence in t! 
tive excitement of tbe two metals. (Comp. § 5i 
dements of the liquid, too, irhich arcumulate about the SI 

ti still more this electromotive differenc 
hydrt^n, the bases, or the metallic oiydes collect al 
negative metal, whilst the oxyf^en, the chlorine, and I' 
gather around the pouiive metal : th 
with positive substances: it is thereby polarized and re 
less negalivB, and the latter byosidation becomes Ics! 
proportion as these changes are brought about in thei 
fluids, and in the metals on which they act, the 
tenaion will be diminished and the current will be « 
Fechner's opinion is, that the diminution in 
ducting power that attends its decomposition c 
highest degree to reduce the strength of the cui 

These influences tell less powerfully on Daniell's, C 



n whicli each eluc 









a manner, the antapiunii 



a single fluid : again the produc 
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iomposition diminish but little, or not at all, the difference of 
sion between the electromotors, as will be seen from the foU 
ring considerations. If some sulphuric acid but sligiitly 
uted be used in one of these batteries to act upon the arnal- 
oiated zinc, the oxide of zinc formed by the oxygen li iiich i^ 
^en off, is dissolved as rapidly as it is produced by the sulphuric 
^ that is in contact with it, so that the surface of the zinc 
^Uains unchanged ; the electromotive fluid in the mcranwhile 
^mes gradually converted into a solution of sulphate of zinc, 
^ich, as both Pfaff and Poggendorf ascertained. Is nearly or 
^ite as effective as the sulphuric acid ; the electromotive prO' 
■vties of the zinc are therefore but little, or not at all, impaired 
'' the continued action of the battery. In Danieli's t^attery, in 
bich a solution of sulphate of copper Ls made to act on the 
'pper, the process of decomposition Ls similarly advantageous ; 
^ the positive hydrogen emitted -at the copper reduces the oxide 
eopper formal simultaneously with it, and which deposits 
>df as the pure metal on the negative copper surface. The elec- 
ieal tension of the apparatus is therefore maintained at the 
tte point, so long as care is taken that the solution of copper 
tall be a saturated one. In Grove's and Bunsen*s batterie«, where 
■Deentrated pitric acid is used to act on the platinum and carbon, 
lese electromotors are not polarized and enfeebled by the hy- 
^en given off at them, because at the very instant it is gene- 
ted, it combines with one equivalent of oxygen from the nitric 
id and forms water, and a corresponding portion of nitrous acid 
npes as a gas; thus, as Schbnbein expresses it, the platinum, 
id by analogy the carbon also, become depolarized and relatively 
sited. in their electromotive functions. To this the more recent 
itteries are indebted for their superiority over the older ones, 
Dee the effect of their current is for a length of time unimpaired, 
cy are therefore fairly entitled to the appellation of constant 
iterieM, 

§519. 

^thin the last few years the decomposition and reduction, by 
•ems of the hydro-electric current, of metals held in a state of 
ihition, has led to several impcfrtant discoveries which have been 
iriously applied to industrial purposes. Such are the arts of 
*cbrotyping or galvanoplastic, galvanography or electrographyy 
Bd deUro-pUxting. 

£lectrotyping was simultaneously (1839) invented by Jacob!, 
'Petersburg, and Spencer of Liverpool. By this process copper 
*>^ are obtained of objects. It was observed that in a Danieirs 
*ttery a regular deposit of copper was formed on the negative 
'"'til bj the secondary action of the solution of su\^\m\.^ o^ 
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(ultnyi Ihu cbd Iw recited bj ■ galvu 
(^51^.); tlie tiBltcr; fii/, 195. Ururnis^d Hitbliupi*ir 
nn^le M pluced nn the Btiip of metal Ih:. The soiuuiici'ot 
tbe ilrengih of the cuneut U best mainumeJ bj keeping >f. 
the Eolution of CD|ipcr in a aturated condiium, vhuh tM] k 
effected either in the manner named in deMribint) ^ ij 
vpparatiu, or a& has been already ahova in § 505- bi 

We have a remarkabk iUuBtrstioD of the perfect leCun^ i, 
oF an electrotype copy, owing evidenilj to the eilrdull*' f| 
nulCDeis of the particles of capper, m the bet tiul an data' 
type copy of a Barton's Iria-bution (§ 387.) i 
fine an eSect by the priituatlc iulerfcmice oi i 

Etcetrogmphy or gahanBgrapltti, which -was first disconrri « 
applied by Oi>anii, depends on the opposite eflcct of lite ek 
current to thm on which clectrotyping rests. In tbi« prom*** ^ 
resolving power uf the current is used to bile in figures anddn*- || 



T plat, 






ceU, a 



pUte are made by the depWl 

'■'■■■ intendeiltiurt 

I ptepiiiiigll* 



pusiliio elecirode ; ihe markB oi 
of nilphiiiic Bcid ; a)l thnsc puis oi 
are therefore coated orcr in the sai 
ordinary meizotinl engravings. 

ElKtroplal'mg is, proper))' speaking, only a modificatiiHi •■ 
Qitension orelectrolyping, inasmuch ab it consists in covei 
tdllic ohjcots with a coat of solid gold, silver, platinum, 
«inc&c, of any thickness that may be desired. De IaHi* 
first shnwed the application of gaivsnic electricity to Ibis pui{iW 
Dr. Biittger introduced some alterations in the delaiti, whichkl" ' 
been still fiirther simplified by Ur. Eisner. In the inaiD It •» 
sists, like the electrotype, in covering with one orotheraflK 
metals named above some oliject which afts ns the nepi 
electromotor in an apparatus resembling that depicted inj^ )■ 
theolyect to be eleclro-pUtcd is immersed in a solution st- 
metal triih whicli it is to be covered ; tliis solution eierting »\ 
an electromotive influence, so electrolytes it by the i ' ~^ 

is generated, (hat the metal disengaged from th_ -. 

regularly thrown down and adheres lirmly to the immersed IH^ 
Elkingion's and Kecolz's method, which has come to be geWflW 
adopted, differs from that Just described in carrying on tbe 9»*^ 
fer of tbe metal in a distinct cell. According to Ihrar phoS* 
metallic solution is contained in a Tes<>e! of gloss or earlhcnKtA 
thesiie of which is proportioned to the dimensions of thebbi*! 
to be gilt or silvered. Immerse the ohject completely in tfaeW 
and connect it with the — pole of a constant battery of fto^ 

pairs of pistes ; it will thus form the negative cledM** 
suspend a plate of the same metal as Is held in solution andofi*^ 
I responding size with the object you desire to cover oppouti H 
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be liquid, and it will act as the + electrode. Any gilt or silvered 
3le may be deprived of the metal with which it is coated by 
g it as the positive electrode and a similar piece of metal for the 
itive electrode ; the plating will thereby be dissolved and be 
isferred to the latter. Solutions of the cyanide of the various 
als are most commonly employed for this purpose; Dr. 
lie says the simplest mode of obtaining them is to pour an 
eous solution of cyanide of potassium (1 part of the latter to 
3f water) into a glass, in which suspend the metal, rolled as 
L as possible, as the positive electrode, and at the distance of a 
inches hang a copper wire as the negative electrode, taking 
i that it shall not sink more than } an inch below the surface 
he liquid. Keep the solution at a temperature of about lOCP, 
in the course of 24 hours the electric current generated will 
e dissolved the metal : when the tip of the copper wire which 
id as the negative electrode begins to be covered with a deposit 
he dissolved metal, the solution is strong enough. 

Tlie tinning of iron, steel, and cast-iron must of necessity 
be highly important for many purposes connected with the 
arts, and we may even anticipate the application of the pro- 
cess to protect fire-arms and ammunition from the action of 
weather. 

On this principle Becquerel conducted his experiments for 
obtaining in a crystalline form many bodies which had not 
previously been procured in that state. For this purpose a 
very delicate stream was conducted by fine wires into the 
fluid that was to be decomposed ; on which after a consider- 
able time, extremely minute particles were deposited in the 
form of beautiful crystals. Batteries such as that represented 
in Jiff. 1 93. will be found well suited for this experiment, 
[f a feeble current be applied to polished plates of platinum, 
el and silver, by using them as electrodes, and immersing them 
an electrolytic fluid, certain figures will be visible on them, 
led after their discoverer NobilCg Electro- Chemical Figures ; 
'best solutions are those of acetate of lead, acetate or sulphate 
copper, and acetate or chlorate of manganese ; using then a 
li^ed plate of any of the three metals named above as one 
tetrode, take a fine-pointed platinum w ire as the other electrode, 
d bring it within one or two lines of the plate. The elements 

f^OTi.— Mr. Walker has succeeded In reducing the alloys by voltaic elec- 
^' His process is ** to prepare a strong solution of cyanide of potassium, 
^|COQiiBence electrolyzing it, by means of a copper anode ; as soon as copper 
9»>a to be dissolved, the copper anode is removed, and its place supplied 
H> one of zinc ; aifter the action has continued for some little time, brass 
^ liberated on the cathode. The solution is now ready for use, and is 
JJt«d upon by two or three Daniell's cells, and with a brass anode. Bv 
"^v means alloys of gold and copper, or gold and silver may be deposited." 
**«»«iwi, June 28. 1845. 
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lined bj the dmonniHMition of tlie liquid will bedeiionM(* 

mclal platu, generally in the Tonn of concentric unla*hae 

HL'tly opposite lo the point uf the wire; ihari^iM) 

i, very mueli resembling Newton^ prisnulio liV 

C$ 337), and so firmly fiied that they otiaot be nmuvri M 

by wiuliing Die meUl wiili nidic acid. It has been koiiA^ 

tbit wiUi regard to mony of the solulions («-, jr. ictU'*'' 

_ l«ad, aeetate and chlorate of manganese), the figurei ait n*" 

liful if the plate is used as the ■*■ electrode, wliereu "ill 

rt [a^ ar. jr., acetate of copper) ihey are most briiliMt K *• 

! is (he — electrode. Afle " ' ' - ■ 

.»les and it will gtadually 
le opposite electrical ligure will appear. 

The above rcniatlu may be tlliistrated by the Wa^H 
eiperimenls : — 

"* il Expt. According to Fechoer, Nobili's figtiio ntj 
be produced by the feehlest current of a simple voltsis I*'' 
tery ; lay ■ small plate of polished platinum or sted id ^ 
earthenware Mueer, aud pour over it a solution of acelW" 
sulphate of copper to the depth of a few lines, and toucli^ 
-}latc with B pointed strip of line the otber end of viit^* 
n tlie fluid. 

Saxmd Expt. These figures will be ubtsined with inin 
jrilliancy and beauty by u«ng a constant battery of. 
Iwo to six cells. Then, according to the solution emplolBt 
Mnneetlhe plate with either the + or — pole of the blHW 
jnd bring the pointed platinum wire which eondueV >* 
eleelrlcityof the other pole to within a couple of linesrfU* 
pUte. As soon as the electric larcuit is eompleledW 
* in of the platinum point commences and rapidly rtW* 
fover the whole plate. 



Hydro.electrie currents are capable, not merely of bringing'*?* 
Uismi™! coml ' ' 
Wieb changes 



miesl cumbinatiiins and deoompositions, hut also of impMU^ 
ding to the ordinary laws of affini^. «<"* 



mode eiecllj opposed to the tendency of the «""•* 
Thus to guard a metal against the chemical action of an K« "^ 
a saline solution upon it, all that is necessary is to place it in W*" 1 
taot, 01 to combine it with some other metal in the fluid. wll>* | 
may act as the positive electromotor when in contact with ^ 
metal you desire to protect. The oiydizing and disioln™ 
■ >f the fluid are depoMlcd on the + metal, whilst ofl'' 
'B elements aregiven off at the — metal. In this nl«^ 
copper, till, lead, and silver are secured by mean* 
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c against the chemical action of sulphuric, nitric, and muriatic 
ds, as well as gold and platinum against the dissolving power 
]iitn>*muriatic acid. Sir H. Davy successfully applied this 
nciple in the means he employed for protecting the copper 
ttoms of vessels against the corroding influence of the salt- 
ier ; he connected plates of zinc, cast or wrougbt-iron, with the 
3per sheathing to the extent of from ^th to |^th of its entire 
riace. — Sometimes disadvantages are found to attend from 
i deposit of positive elements on metallic surfaces, as, for in- 
xice, leaden water-pipes occasionally become choked at the joints 
the deposit of lime held in solution in the water. 

Third Expt, Lay a piece of iron or copper plate in an earth- 
enware or glass vessel, and pour on it some diluted sulphuric 
acid ; the metal will be violently acted upon by it and dis- 
solved. Now touch it with a piece of zinc, and the chemical 
action on the first metal will be suspended, being transferred 
to the zinc, and until it is wholly dissolved the copper will 
not again be acted on. 



§ 521. 

lAstly, from the action of these currents, generated between 
le polar wires and the elements of an electrolyte, there arise 
^uliar movements which, from their origin, are called electro* 
'emicoZ movements. These phenomena were first observed several 
Bars ago by Ermann, and have since been more closely investi- 
*ted by Herschel, Pfaff, Runge, Fechner, and others. To 
^oder these movements visible, pour the liquid that is to be 
'^rolyzed on some mercury, introduce the electrodes of a 
oltaic battery, and, according to the chemical character of the 
^d, the currents will be generated from the + or the — wire, 
'^^etimes from both ; their course is sometimes rectilinear and 
' others curvilinear. 

These ■ phenomena may be observed with voltaic piles of 

from 10 to 20 pairs of plates, or with constant batteries of 

from 2 to 4 cells ; with many fluids indeed, very small 

single batteries will be sufficient. 
The following are the principal results to be noticed in 

performing these experiments : — 

Pour some acid, ex, gr., sulphuric acid, slightly diluted, 

on mercury, and the metal will be repelled by the + pole ; 

but if any alkaline solution be added, it will be attracted by 

the same pole. 

Immerse the negative wire in the quicksilver on which 

some alkaline solution rests, whilst the positive wire does 

but just touch the metal, and it will instantly collect about 



- pole. Bud lecede (torn the + pole. T^Atm^ 

ici or thv mLTptiry agnin with bolh the poloi ihetfi* 
t H.S IvfoTc witl ensue, so thai tbore will lie no ilKnn 
'u..'tmnanilexiHixtionof liiemEtal. If an iciillw nidi 

mercury, the negative win: oaljr jiut touching i* 

unge says, that the following elettrochemiciil laiMf 
be Induced by ■ aimplit Toltaio an-wiBeninll: — FW 
icenlraCed iolution of common salt on quicluilvMi w 
cry CBri;rul1y a small cryiUl o( iulphite oF cappw* 
niddli! or the mercury, and in a little while Ibe b^ 
oe of Ibt mi'Ul will be covered over with » film Nm _ 
!i the quicluilvcT, by piercing the solution that tmart 
a smooth iron wire ; the film will be rent a>und«tb* 
II entirely dJMppeir, and an electric current ""^^ 
rated tlial will imparl a rotatory motion to U»tl)*t 
h will grow lois and less until it ceases tu be visbU- 



§ 522. 

■ The acquaiatance we have now gained with the Tarledtflt* 
produced by the hydro < electric current will enable ua to ]<l4^ 
which will be Ihc best adapted to seme ax a meaiuH "" 
strength. Fechner, who, by his wlmcasuremeiiu of valI-~ —_, 
Tent], has gained bo thorough nnd'mmpTehenMve a knowla^'^ 
the subject, gives the lollowiug eatimale ; — 

He asys that, in consequence of the unequal and in 
degree of excitability in organised beings, the phi/aiologial tfi^ 
of the voltaio current are by no mcina ciilculatcd to gilcM^ 
accurate measure of its strength. 

The txeilatioa of htal, as shown in the incaniieBcenoe of »J 
wires, affords us a high, but by no means sufficient degtt* I* 
certainty in comparing currents ; and la applicniilc to po"*"^ 
batteries, but must necessarily Giil with regard to such mW* 
but a feeble current. 

The tSrmica; effects of the current, and especially its deooop*" 
sitlon (if water, supplies us with an eitremely accurals and 1"^ 
riaUle slnndard for estimating the force of the current, »% rip"* 
both the quantity and intensity of the electricity. We may bU^ 
compare the quantities of gn given off in the same time, «• J* 
may notice the times requisite for generating an equal qusiwv 
of gas. Tlie voltameter, described In ^ 517,, is an >PP*'*j'|\ 
suited to this mode of measuring the current, and has been tV* 
used, especially by Faraday ; it is not, however, free fron 
serious defects. It cannot be applied to a simple gulrai 
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igement, because water is dissolved so slowly by it that the 
iduct obtained would-be imperceptible, even after the lapse of 
considerable time. This method is consequently limited to 
oapound batteries, and even when applied to them, it is attended 
til this inconvenience, — that all experiments conducted on this 
inciple require a longer time than the other methods do, to 
rnish us with results that can be compared. Again, in propor- 
»n to the inconstancy of the electric current is the uncertainty 
d irregularity in the results obtained ; and it is notorious that 
e stream of electricity is very variable in all the old one-fluid 
tteries. 

There remain only the magnetic effects to be estimated, and in 
era we shall find all the requisites combined which we can de- 
'e in an exact measure of the force of the current. 'JThe devia- 
»n of the magnetic needle, mentioned above at § 512. as the 
ndamental effect, serves as a gauge by which to measure the 
ost powerful and the feeblest streams, by allowing the former 

act directly on a common deflecting needle, while the latter 
t on the magnet of a multiplier. 

Magnets may serve in various ways to measure the force of 
^ric currents. Either the deviation itself is observed which 
e needle makes through the influence of the current upon it ; 
' the arc is measured through which a needle suspended in a 
oulomb's magnetic torsion balance (§ 456.) has to be turned 
ick, after the operation of the current upon it in order to bring 

to the' same place again ; or, lastly, the time is sought which 
'e same needle requires when subjected to the action of a cur- 
^t to perform some definite number of oscillations. 

There are various ways of estimating the force of a current 
OQ the angle of declination, according as the electricity passes 
^ a line or in a plane above or below the needle. If, as in 
^bi^s Galvanometer-compass {Jig. 188.), it is conveyed along 
^e just under the needle, and in the direction of the magnetic 
leridian, Kamtz has determined that, the force of the current tut- 
^ OH the needle is proportional to the product of the sine into the 
^9*1^ of the angle of deeUnatian, 

Let c and C be the currents of two hydro-electric bat- 
teries, and a and of the angles of declination they cause 
respectively in a galvanometer-compass, then 

c : Csssin. a tan. a I sin. a' tan. of. 

To save the necessity of actual calculation, Pohl has con- 
>tructed a table, which will be found below, for every angle 
from \^ to 90°, from which the proportional force of any 
<^nent maj be ascertained for any declination given in 
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along ihii melil plate will set equal!}' upon the needle in 
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^tlon, for it must trarel equally along the entire width of the 
^ductor. In this case* the fane of the ewrrtni it proportional to 
tangent of the angle of the needUe*» deeHnatiou. Instruments 
^tructed on this principle are called Tangent CompatseSy and 
^ application depends on Weber's law, which we have just 
i^cflj enunciated. 

The force of those currents which deflect the needle only by 
^ms of some contnTance for multiplying their effects cannot be 
^imated by either of the laws given abore, because, however 
(*eiiilly the instruments may be constructed, it would be very 
Scult to measure accurately the different distances of the 
edie from the respective turns of the multiplier, and the cal- 
Utions involved in its use would be very complicated. 
An extremely simple contrivance for measuring the intensity 
a current by means of the angle of deAexioa, consists in making 
i galvanometer itself to revolve in the plane of the horizon 
3ut the centre of the needle. When the needle has been de- 
3ted, turn the multiplier until, with r^ard to the needle, it 
I regained its original position, and the intensity of the current 
ing at right angles on the needle is equal to the horizcmtal 
ce of terrestrial magnetism (§ 447.), which last force is 
iasured by the sane of the angle through which the needle has 
ia deflected from the magnetic -meridian. But this angle Ls 
It through which the emls of the multiplier have been turned 
m their original position, and may be read off on a graduated 
Je made for this purpose. Pouiilet*s Sine Compass acts on this 
inciple, that the intensity of the cmrrent varies as the sine of the 
He of torsion; this instrument, when fltred up with a nonius, 
ly be made to measure the angle of declination accurately to 

minutes. 

It is worthy of remark that, in all measurensents from the 
gle of a needle's deflexion, if this does not exceed 20^, we 
^y assume the intensities of the currents to be uetxrfy as the an- 
^T magnitudes squared. 

I^e method of measurement adopted by Ohm mar aL«> be 
^i the multiplier being used as a tornon balance and having 

1 needle suspended by a fine wire, which is eoonected with dke 
'dex of the torsion balance. When used, this index most be 
^d at zero^ the needle too mast be set at 0^ in its scale ; «-h«a 
^ current acts on the needle it will deflect it a certain z=^j&. 
■^ in so doing will impart a corresponding torsioa to tifce »rre. 
W, instead of measuring the declination itaeUC yoa are to t::m 
•c|t the tornon index tiU the needle is restored to hs criz=a: 
'^tioQ. The ntamber of degrees which the indez is aenfcf ioct. ii 
"^^porfioMi to tie hUemsity of the current. 

UiUy, the mode employed princrpally by Tset^er bi H« 
'"'BCMiireiDeiite of dnerving the oscillatioDs b epaHy sr- 



144 



itioii 



•--w 

M,^" 



cable to the tingle galmia meter, and to rod 
with H multiplier. Plwe ihc needle 90 iliat i1 

direelicin nrihe earth's magnetic infliienre, niid Hliauiltw<Ii 
tjan in wjiieh the Airce n emitted from the electric coiidi^ 
(hat ill Tnct thew Iwo djievtioiis idaj coincide. To dtt^ 
ihe single conducting wire of the compsts, ot the coil of " 
the multiplier, must intenect the msgneljc meridiin B 1 
anjcles, i.(, it must be placed in aueh ■ pnHiion that IhC" 
sulTeTS no perceptible deflelion whilst acted nn hi tliE f 
(camp. §513.). Nov nuke the needle to ouilUle. u^ 
§ 456., tAt itilcHiUitt of the eumuti an invtnrlf aithi^ 
the Hmti of till vibratiina, or tkx miiRirr of uitili oftisK n^'' 
rcquirtd la coaplite the ame nnuiLer of pibraliimi. TKii m 
possewcs the suhstantial advBnUge that It is applicablfU 
porerful end feeble cuirenti]. that it glres 'eery certain tiw ' 
more accurBtG measurements tlion can be obtained (rum tM 
raiity of instrument* by teHiiing off the angle of rtwlinutHW.' 
that the magnetic ■nlensttj' i>f the current may at the s ~'' 
be compared with the force of the earth's magnetism, by 
in like manner the time of the needle's oscill-tion •— 
jecled only to the action of terrestrial magnetism; on tlK*-]^ 
hand, this mode of measurement renders it iudispensible tlt^t 
observer should have an accurale HConds' watch or pEnM**" 
with which to compare the oscillations of the needle. ^ 
Suppose now that the needle when acted on hy tb' ^^ 
rent t. performs a certain number of tihrations 1" ^k 
seconds, hut that Khen sulijected to the influence oritO^V 
Burrent C. it performs the same number in five tec"""^' 



and further, if the same needle had recjuired 20 secot»^ 
make the some number of neciltatinn! when acted en 
■s would be lt» 



ic folloiring proportion : 
M : c : C - J- : J 
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<^- 9 if the force of the earth's magnetism Is estimated as 
i^il^y, that of the current c would be 4 times and that of C 
6 times as great. 

^^agnetic measurements are also well suited to show with 
ccuracy the influence which the magnitude of their excited 
urftuses exerts on the efficiency of hydro-electric batteries. 

Pechner, who has performed a vast number of experiments 

:o ascertain this point, has determined the following, viz. that 

tbe^ intensity of the current increases when the area of the 

sxcited surface is increased, but in a less ratio than it. The 

increase in the action of a battery is nearly proportional to 

the increase in the exciting surface, when the fluid employed 

IS one that has but a low conducting power, such as water ; 

T'^^i'eas, when the fluids employed are good conductors, the 

increased efficiency of the battery is proportionally less. The 

increased force of the current, attained by increasing the 

excited siir&ces, reaches a limit, which is arrived at the 

J^^er the less the resistance to conduction offered by the 

^'^xi, as compared with the resistance offered by the solid 

c<>nductor (i. e. by the connecting wire). 

. -^ohl, whose attention has been carefully directed to these 

'^^^tigations, lays down the following law, that the inten- 

^*®» of the currents of single hydrO'electric hatteriesy in which 

**** deetromotors present equal surfaces to the exciting fluid, 

^"^9 ceteris paribus, as the biquadrate roots of the areas of the 

**Kf€iees in action, 

, Suppose the metal surface in one single battery to be a, 
"*t of another m a, let c be the intensity of the lesser cur- 
^^^ I then that of the greater will be 

C = c 4/w, 

.■.. = (£)■ 

^ence it appears, that if a battery be given with a certain 

Ctttrent, considered as unity, and we desire to construct 

pother, the intensity of whose current shall be double that of 

^® ibrmer ; the batteries being similar, the exciting surface of 

^ latter must be 2* = 1 6 times greater than that of the for- 

IJJ'f — I practically verified this law by comparing some 

^l^iell's batteries, and found that to double the intensity of 

"** ourrent it was necessary to increase the copper surface six- 

?^^^* ^ "^^ ^^ ®*^^ *^*^ ***® same wire to conduct the 
*^ricity, and I measured the intensities by the angles a gal- 
"'^nieter compass was deflected. I compared in like manner 
^ intensities of a zinc and copper and of a zinc and plati- 
^ battery, the surfaces of the two metals being equal, and 
"•^d that the current generated by the, platinum battery 
*** equal to what would have been produced b^ a co^v^t j 

^"4 L I 



ooe 1« tine* in tiie: this prcttf norl; iioiiu:iiti»<nlktl< 
lenilts ubuined by Jocobi. bdiI giren >d J 505 of thk n ' 
For ibc line haltctf I uml Kulphurin aeid diluudnl 
puts of oiler : far the oopper. ■ eoncentrsled lolulia 
sulpbale of Dopperi and Ibr tbe pUtiDuni, nitrio Kidef If 
Rpi'o. prov., M the eiciiiag fluidi respectively. U* uW* 
titles Taund tbus were u I : J, far the Hngles oT the » 
defleiion were 34° and 46°, the correapandiog inui 
far wfaicb in Potal's table ueO'lUSa and 0-2445 1 tlioi 

is therefore oi 1 : 1 '94 On onrnpariiig one of Mtxit^id 

batteriei with one of Grore'a, •rith rrspect to the efiW' 
their eurrenl. the fallaving remit wax (ditained, The \fd 
ballery had 3TS square inches of effective «ippe[ > 
Farsday'i fluid tras uhnI, and the □eetlle of the galnt 
was deflected »6°, which, according to Pohl's {Me, CM1K 
spond* with III ititensity of 0-1402. A dnc and plWlMBi 
battery, in which there were 100 square inches of the WW 
inelal efGcieni, deflected the needle 4E°, and DonHqudT 
had an intensity of 0-9445. The same wire wbs used inlW' 
case to complete the circuit. According to tbe Iia-p' 
above, a platinum battery whOM current should htie M 
same intensity as tbu of the spiral battery tvould ref tUK * 

/1403\' . . 

n.r&cei»= [^i^j = O'lM Umes greater than U: <■ 

100 > O'lOB ^ lOj square inches Now when only 10} tft 
inches of tbe sine and platinum battery were set in ulii 
the compass gave a dectinsdon of precisely 36°, anlsequa 
these lOJ iDches of platinum generated a eilrrent irhoMl 
tensity was eiactly equal to that produced by 372 inobel 
capper in Hare's Kpirel batter]^. To give to both balM 
an equal intensity of current, the copper suifeee ofllml*^ 
would requires to he 372 ; 10-R = 344 times greater thin ■ 
platinum surface of Grove's battery. 



§ 523. 

At the conclusion of this important branch of the s 
eleetricnty, it is necessary that the reader should be ib_--^ 
quainlud with tbe opinions of natural philosophers with KM 
to the primitive causes which generate galvanic or viJimSr 
tricity. it is renmrkable that the views of scientiiic i 

subject do not accord, notwithstanding the lealous in' .„_ 

which hnve been made so lately into the sources of eliioiridj 
iiivestlj^tions too wbicb have brought to light so much tblt^ 
both new and imporlstit. The majority of the scientific VW 
are tbe sdheren's of one or other of two theories ; the oWw* 
wAieb, knowa as the Ihtan/ of conlaol, * - - 
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e laid down by Volta ; the other, first propounded by Wol- 
on, is called the chemical theory. 

Vhe contact theory^ which is held by most of the German phi- 
iphers, especially by Ohm, Fechner, Pfaff, Henrici, Poggen- 
fi Berzelius, Jacobi, and Martens, assumes that when two 
similar bodies are brought into actual or proximate contact an 
-rgy is developed to which has been given the name of electro- 
tivejbrce, but whose nature is still unknown. This electroinu* 
e force effects the decomposition of the neutral electricities of 
B two touching bodies, so that a definite portion of the + elec> 
city accumulates in one of them, and a corresponding portion 
— electricity in the other ; but it instantly opposes the reunion 
these ± electricities, and thus occasions the constant difTerence 
tension between bodies in contact. To account for the influence 
the chemical process on voltaic phenomena, Fechner assumes 
It, between the atopas of two bodies which combine chemically 
th each other, a process obtains similar to that which arises 
len two heterogeneous substances are in contact. The atoms 
Biged with antagonist electricities are held together by their 
Jtual attraction ; and this constitutes what is generally known 
chemical affinity (§ 58). 

According to the chemical theory, which has recently bven 
eatly extended, especially by Faraday, De la Rive, Becquerel 
d Schonbein, galvanic electricity is attributed to a chemical 
tioQ, and its most zealous advocate De la Rive speaks 
the following terms : so soon as a body comes into a 
seousor fluid medium and a tendency arises between the two 
^es to combine chemically, a disturbance ensues in the elec- 
cal equilibrium, and on this condition of chemical action being 
Ifilled, the elements of the solid combine with the oppositely 
ictrified elements of the fluid. As a general rule, the body, 
. gr. the metal, which is dissolved in the process of combining, 
positively electrified, and the' fluid which performs the part of 
e agent is negatively electrified : but, as in such processes a 
paration of the atoms takes place, that liberates the electricity 
tiich was before held in a latent state, and which is always op- 
Kite to that which disposes the atoms to form a new combination, 
• result of both processes is dependent on the difference of the 
ro influences. The intensity of the electric action thus set ni 
ork is regulated by the difference just mentioned and also by 
le hindrances which oppose themselves to the re-union of the 
tttricities that are set free. If two heterogeneous metals are 
i^Mght into contact in a medium that acts with unequal energy 
l>oiithero,.it will render them both electrical, that for which it 
^ the stronger affinity being ppsitive, and the other negative. 
Iqux aef eral luch pairs so as to form a compound hydro-electric 
^'^^t tod all the rest will perform the functions of a cowdvx^i\.v>x 

L 2 



I 

I 



of tlir free clMtneily (u each piir ; the t clectti 
iiig together ill ihi' men), neutriliie each ullie 
Iheii quantities, tbe + electricity will therefiii 
one nde and the — electricitj on tfa^ other. 

The sdTOeatei oT each Ibeorj' biie been and. a 
in bringing fiirword prooft to establi>ib 
viewi tbej hare reapectiiely Isken, wilhout either pnlf ^ 
at present able to ckim au uadiapuEed tictory. TnthcM bbiM 
hoircTer, ire are in a great meaiure indebted for the odnnctllM 
have in modem times been made in thii deparlment of mibKC 
'ITie thomugh-going Bupporleii of Ibe chemical theory poriuior 
dei^y lliBi eli-ctrieily is ever excited by contacl alone, mi ^ 
eren go w liir u to say hypothetically, that the pure nuuli ■" 
iUH'eplihle of oiidation. Ptvhner hB.% boweier, compelled <i** 
lo admit that Vglta's fundamental eiperimcnti are a bAW 
well establisbi-d for us lo doubt any longer vhvlher elfctniiV 
can be generated by contact only, and there are eieaciW" 
hydro electric combinationa in which eleclrieal neliuii obuln 
agreeably to the assumptions of the contact theory. itllM 
any chemical action vhaierer of the Huids on lb* dtW*' 
miHora (1): Day. frequently the contACt of the meub i> A* 
cause that Ibis action, urigioaUy a purely cbeniieal one.' 
pended and an opposite one commencei (£). Many par^ 
Volts'i theory are decidedly of opinion, that chemical » 
nerer tlie priiiiiti>e cause of electrical eicilement, althou^ H 
do not call in question the pooitnlity of cl] 
frequently the immediate, but not the oi __ . 
electricity is generated{3}: same nrho hold this theolj (^, 
concede that chetoical actiitn may incieaae Ilie intenntj of* 
electrical proces-, when its excitation coincides with itlt 
contact. After all, the main difficulty will be todctenrnDe^ 
sl>Bi-e clicmicat influence really has in exciting electrical vK 
because without contact scarcely any chemical cbangt > 
transpire, und also because the effect produced must dspm 
so many secondary circumstances, such ai the degree of IKW 
tration uf the solutions, tbe temperature of the fluid, &o. 

P&ff adduces the following eijKrimoihmi i™* 
that without any chemical action whalcver by the fiBi" 
B electromotors immersed in them, a powerful " — •-" 
■ment is generated solely by the contact of the ™— 
■It Eqil. TiJie a linc and plalinuin batlery, ** 
neutral solution of sulphate of linc as the fluid *Utl 
act on the ainc, and for the platinum, aa iiaua' ' ' 
then neither of tbeee Huids will exert any chen 
e un the metals immersed in them, according 
)f clieinical affinity, and yet a current of electiil 
c generated ai powetrul or nearly ai powerful oi 
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necting the wires as if sulphuric acid had been used with the 
zinc. 

2.) Berzelius gives the following as a strong proof that the 
excitation of electricity by the contact of heterogeneous bodies 
is altogether independent of the chemical influences acting on 
them, and that the excitation of electricity regulates tlu> 
chemical action, nay, even reverses it sometimes. 

Second Expt Fig. 196. represents a simple battery 

of two metals and two liquids ; Z is an 
amalgamated zinc plate near the bottom 
of the cylindrical glass vessel, and C is a 
copper-plate of equal size, parallel to it. 
A bent strip of metal goes from both and 
being bent over the rim of the glass sup- 
ports the two plates and performs the of- 
fice of a conductor to them ; its ends n 
and p are provided with binding screws, 
and the whole of the strip is coated with a varnish by which 
H is protected against any chemical action. A perfectly 
saturated solution of sulphate of zinc is poured on the bottom 
of the glass till it reaches half way between the plates of 
xinc and copper ; on the top of this pour some common ni- 
tric acid through a fine glass funnel whose tube is slightly 
curved at the end, so that the acid may lie on the much 
heavier solution of zinc without forming a mixture with it ; 
continue to add acid till it stands about half an inch above 
the copper-plate. 

Until the circuit is completed by connecting the wires, the 
chemical forces alone are in operation, and in accordance 
with the laws of affinity, the copper is rapidly dissolved by 
the acid, whereas on the zinc no action takes place or can 
take place. Now if the chemical theory were correct in as- 
suming that the oxydation of one of the metals controlled the 
electrical relations of the battery, then the copper, as being 
the metal which is chemically affected, must needs be posi- 
tively electrified and the zinc negatively. But on completing 
the circuit the solution of the copper ceases instantly, the 
green tint disappears gradually from the solution, and the 
reduction of the copper held in solution begins on the copper- 
plate, whilst a cloudy appearance rises about the zinc caused 
by the formation of the oxide of zinc, and a galvanometer 
compass forming a part of the electric circuit would shew 
that the current had taken the direction which accords with 
the principles of the contact theory. 

3.) To prove the generation of electric forces by means 
of a chemical combination, Becquerel adduces the combina- 
tioa of an acid with an alkali. 
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TUffrf Brfl. Pour * little nlitic Mid info ■ plilta" 
icet. nhicli is coniiwteJ iriili one wire of n gtl'intn**'' 
connect the other win; with a piece of plulioum wire*b'' 
free enit is benl into a hook, about which twin tone * 
be4os or cotton, utunted vith ■ Hilution oF ftttvt * 
«oda. At the moment «t>en this alkali h dipped la ^ 
the platinum saucer, the mxitt nfl* 
galvanometer diows the existence of a current [Bsdi 
the alkali to the acid. 

Eipiaiiiing this on the prineiples of the chvmial tix^ 
the current is (^nenited l>; the clietnicil aotiou of the ■'■'' 
the other ; by the contact theory it "loU ] 
riuniea to the electromaliic bcIiod oT the liiOeTent 1* 
the platinum, or the whole combination would be rr^ 
a Intlery of one homogeneous metal in two 11 
neousflnidi, (§505.) 
It is bj no meuos imprabd)te that neither of the lliM<* 
pushed to an etlreme, fully coincides with the truth; MlJBJ | 
philosophers, amongst whom are to be reckoned JudM, Bwi- , 
Baumgartner. Von Eftinghausen, and Pohl have ooOSlnwW' , 
theory wiiich holds a middle course between the twoWW ^ 
already explained. These views merit a place in this pit M^ , 
wotk, as in tbcm n-hal is fiivourable to eai^ of the other hyponP 
ses is Rued together in such sort thnt the various phet^WH^ 
more satisfectorily accamited for than by eitber of the oig^ 
theories. ^ 

It has long been held that those forces which lie at tiK V^ 
idhesion. and those whieh cause chemical affinity, aw •■ 
iOtially different: some pbilobophers huve even attemplcl^ 
mate the degrees ofaHinity by the amount of adhesion. W* 
therefore by no means unscientific to regard chemical Ittnn' 
as merely a more powerful adhesive force. Prechtl hat IbM 
tried to prove the coimciioo between the adhetuan of itkettki* 
their eleotriool difference, i. e. their relative position with M^Kj 
to tension (§ SO-!.); Becquerel lias shown (bat eleclfio^ " 
generated by capillary iitlraetion, which is known to dcpUDdW 1 
adhesion and cohesion. Agniii, we know from Girard's eipm'l 
inents, as well as frmn the theory of eitptilary tubes, that adlnaMl 
OBusea a variation in the density of fluids where they arebouiwl 
bv solids. Resting, then, on these facts. We believe that, wM 
" i> gnwrattii in ony on'taic arraiigcruail, it ttnlU fi^ff^ 
changi brimgM about in the timching badrea bg the rffJ 
mhich subaiit! brtvan them, This change ii aomitid*! 

'" ' " " tn cooflndW 
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jvantage that no new power need be assumed to exist 
le contact theory requires us to allow the existence of 
notive force) ; and it also accounts for the production 
y apart from any chemical action. It has this in com- 
le chemical h3rpothesis; that it deduces the phenomena 
e battery from the molecular forces ; that it considers 
ot merely as a conductor of the electricity, but as 

its production, and that the elements of the battery, 
sical changes they undergo, are the actual sources of 
ity ; that their contact renders this change possible ; 
efore is the occasion, and not the generating cause by 
electricity is produced. In these points it approxi- 
3 nearly to the chemical than to the ccmtact theory, 
poses that electricity may be developed without any 
nge in the bodies : indeed the chemical hypothesis is 
>ecial case of the molecular. The simultaneous coni- 

of chemical action with the development of electricity, 
mmstance that the chemical intensity of a simple vol- 
ement increases and decreases as the chemical action 
id conductor and on the elements of the battery is 
less, fully accords with the statements of this theory, 
hence, that the electrical and molecular force are one 
ne, and that the latter appears as electricity whenever 
om one mode of operation into the other, as, ex: gr.y 
ses to hold together the elements of the water, and so 
e zinc. Schbnbein's most recent hypothesis of chemi- 
sies does not differ essentially from the views just 
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IICAL PHENOMKKA RESULTIVQ FROM THE CHEMICAL 
HAT ATTENDS THE CHANGE IK THE A06RE0ATE FORM 
S; THOSE WHICH RESULT FROM THEIR SEPARATION BY 
CAL means; and those which are CAUSED BY THE 
SION OF BODIES. 

§ 524. 

order to those electrical phenomena which are pro- 
iriction, and those which are generated by contact, we 
such as attend the chemical action of bodies one on 
i change in their aggregate forms, the destruction of 
on by mechanically separating their particles, and by 
In all the instances just specified, a change takes place 
cular condition of the bodies, partly in the interior of 
is, partly at their touching surfaces, and according to 

L 4 
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Ki H^ ii MMe iiBU»i«s ilfd be r^ardcd as lbs ' 

JB ty ^laib «bMncaI eqiuliloium a dbtuibeit. 

TW wofirtoa nf dtcmol neytraUtj isuiuel iDchemicili 
' ' FcampauticHB of miuiy bodies, u owy be f 
coBMCtin^ ibe bodies, tlius coinbimng en ito^ 
fBig. vnn uw vine df ■ g^uwnKter, or with tbe muiIikII' 
«f a w itiit ckctnucUt. Noir wbeUiet the euirent uidin" 
kr ihs phHOBMter. or ibe dectricBl tensioD nurked tij ttt 
■Jittin^tHi, be oviiig, •eeoHiap Xo the contucl tlutorji to Oi 
boHio 1mf*^t ™'^ other, or. BHisiliiig t(i the cbeminl tliH<Ti 
to the thficel actku oT tbe substances on each oltier. lb i^ 
henots of hotb theooH will aUow that a dHluriMnce uF ibi 
decmcal eqnilibniuii, as ibovii by the galraoomeler « don*' 
', aeiiiallT eiuta i dqw, as bv ihe electro-cbemical ST^ 



( j 5I&>. eicrj dicsikal eombiiuilioa depends on Ibe ui 
efeeiiical appaaita. ibc state of elecuicil equil" 

tariljr he dcMiojed both iu chemical combinali . 

BtiDOa. tie laHoriag expcnnwDtt are given as illustnUmu ■! 
tba eicstemenl of deetiidlj atBniiiiig both these kindi ofcbem- 



ftrtf Eifl. Eltttrical enttsunt ui'tA cAaniW olii- 
(Mu. — Nobili gires the (bUoviog experiment lo prore] 
etedikal euilemeDt b ^e nsult of chi ' ' ' ' "' 
Feehnei repealed Ibe eiperiiii«it vith some lanHlim 

Fill Ivo iBull glastH, A and B, vith a ulolion oT i 
of potassium inlo which conduct the vires of a gal» 
ler whose ends are armed with plates of platinum- A 
gluK. C, coQIaining dilute tutric add. is then placed neu v" 
other two, with vhicb it is connected by means uf '^ 
threads of a^iestos or cotton, dipped in Che dilute mtti<)>nt> 
Nov twist one of these conductais about a small pioen 
enuitlc potash hefure using it lo establisli the conoectioii if 
Ibe batlerj, and a chemical ai-tion vil] immcdiatelr wo- 
mence of these two substances, and at Ihe same time i (if 
flexion of tbe ^Itaoomeler needle, whicb nhowa thU ^ 
current passes ftoni the potash to the nitric atid. SnrilK 
dcfleiions ensue with other cberoical eombioatiotu at Ikl 
some kind, as veil as wiih those in which the nil 
that have an ailinitj for each other do nol acquiit 
dncllng power until the; have been fused or melted. 
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C at the very instant when the caustic potash comes in con- 
tact with the nitric acid. 

A much more powerful current is obtained by leaving out 
the middle glass C, pouring nitric acid into A and a solution 
of caustic potash into B: the homogeneous platinum plates 
are then to be plunged in the heterogeneous fluids, and A 
and B are to be connected in the same way as before. By 
this arrangement we obtain a BecquereVs battery (§ 505. 
2.) A current is generated by the contact of the platinum 
with these two dissimilar fluids, similar to that which 
was produced by the chemical action of the caustic potash 
with the nitric acid. From the difTerence between the in* 
tensities of the currents, we see at once what share is to be 
attributed to each of the exciting causes in the case where 
their operations are combined. 

Second Expt. Immerse simultaneously two homogeneous 
strips of platinum, connected with the wires of a galva- 
nometer, in a glass containing nitric acid. The platinum 
plates are then in contact with the same fluid, and that one 
which exerts no chemical influence on them ; the needle of 
the galvanometer will therefore be at rest. Now let fall one 
drop of hydrochloric acid on one of the platinum plates, 
and instantly the needle will be deflected, showing the pas- 
sage of an olectric current from one plate to the other. The 
nitro-muriatic acid formed by the drop of muriatic acid 
acts chemically on the platinum in contact with it. This 
instance is, however, one of those in which it is difficult to 
determine what share chemical action really has in eliciting 
the electric current. The adherents of the chemical theory 
consider the chemical action ; while the partizans of the other 
hypothesis regard the contact of the homogeneous metal 
with the heterogeneous fluids as the sole cause by which the 
current is excited. Probably the fact is, that it is owing to 
the two agencies combined. 

Third Exj)t. Electricity produced by Combustion. — Ac- 
cording to Poulllet*s experiments, when charcoal is burned 
it is rendered negative, and the carbonic acid which is formed 
is positive. He placed a small cylindrical piece of good con- 
ducting charcoal, having a very smooth bottom, on a plate 
of brass, which was connected with the condenser of an elec- 
trometer, and then ignited its upper end. The combustion 
was supported and accelerated by blasts of common air, or, 
still better, by a supply of oxygen. When the lower plate 
of the condenser was connected with the ground, the instru- 
ment appeared in a few seconds to become charged with — 
electricity. When the charcoal was set on a metal plate 
connected with the ground, and, during the process of com- 
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f — deetiicil; ino^ 
D «F chanml, and Pbff oonfiina ili '' 
f eieaiicitj » lo be fim 
c mU which is giTen oC Several pliloopl* 
■1 that aiwlDgout tmvi of the liLrminB of els' 
.d Ibc combuftion of lome. but WK of iL' ' 
iHMiMi bodice 

FowCk BrpL Ehttrieity pndmcrd ly CAobm/ DoMf* 
■Um. — The experiiDenti of Dr.. Bintger nuf be oddiK'' 
— tJooneel ■ pluiBum cup with ibe « 
the noducloc of ■ delicate eleeln'OtM 
B of 1 «ire in-miiuting in ■ ring. On tlui rii^lifl 
put in it ■ fair gnim of citrUc or oislslc of alia, 
|f)y the beat of a spirit'laup until the alt is^sailirfi 
m the laup. and the electrameter 4hotf« — tteotncitj 
~ ' libenled; and in the platinuoi cu| 

minute puiklcs of nietiUic silret ' 

KJtA Erpt Lajs piece of blotting paper (nDiiMiwd«<l' 
valer oa > metal ptate connected irith ttie conclenKr.Md'* 
it place a lev crystals of uiinie of copper wrapped q ■ 
tinfiul. Firm « few boles in the tiofinl with a pin. UauM 
the whale with a little weak tpitiis of vine, and (he nil w 
soon beein to decompoH; and at llie minnent when 
bcFome liiihle. and nitrons TafKiur I'nes, the eoiidemir* 
ebargvd with — electricity. 

JIiM Expl. On the conducting plaie of any «» 
eleetmstope (tx. pr„ either a Becunerel'i, fip. 157.. <- 
Oe«led\ j!^. 1S6. ), lay a (inc cup, and poor into it ■■ 
lute muriatic or Eulphuric acid, and the cleclroscopt *» I 
.'diow, aftn the fardrogen has been given otT and a chmiC' I 
solution of the metal has been fintned, that -~ electiieit; t>* 
been liberated. A similar phenomenon is observaJilB i( »• ' 
in the fbunh eiperiment. clean iron filings arc placed iB ^ 
platinum cup, and either muriatic or sulphiirie aciil poiif» 



henomena bate been setii In attend a change in 1»* 

I of oniuy bodies, especially in the uJldlGcJIioii irf 
n B State of fu-iioB, and in the fieeiing of waW^ 

II become viable diuing the crystal I iiatum of tif 
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in salts, and the attendant electroscopic effects, seem ratlier to 
suit from a separation taking place among the crystals after 
leir formation, than to be a consequence of crystallization itself. 
JF'irst Expt. Melt some sulphur in a glass, and cool it on 
any good conductor ; on taking it out of the glass it will be 
negatively electrical, and the glass will be positive. Per- 
form the same experiment in a metal cup : the latter will be 
negatively electrified, and the sulphur positively. Similar 
phenomena may be observed in the solidifying of chocolate. 

It cannot be positively asserted that the electrical phe- 
nomena just noticed are absolutely consequences of the 
change of aggregation in the mass of the body. Some phi- 
losophers are of opinion that they are properly owing to the 
friction which is generated when the solid bodies are sepa- 
rated from the vessels containing them. If this supposition 
is correct, these phenomena come rather in that category of 
which we shall have to speak in the next section. 

Second Expt. Water frozen quickly at a very low tem- 
perature (22^ below zero, Fahr. ) in a glass coated outside 
like a Leyden jar, according to Grotthuss, is positively elec- 
trical ; if melted rapidly at a high temperature it shows 
— electricity. 
Undoubted proofs are still wanting to show whether electricity 
LS liberated by the change of liquids Into steam or by the con- 
densation of the latter. Pouillet is persuaded that firom numerous. 
experiments, he has found the escape of steam from alkaline 
water accompanied with positive, and that from acidulated water 
^th negative, electricity ; Pfeff, who repeated the experiments, 
doubts the fact. As the results, as well as those which attend 
the combustion of bodies, are of considerable importance on 
•ccount of the conclusions that have been drawn from them 
respecting the electrical phenomena that arise in the atmosphere, 
fsd eq^ecially since some doubt is felt as to their correctness, it 
is much to be wished that the same experiments should be 
'Q>eated, and careful reference be made to all circumstances 
•Acting the results. 
^ That a considerable quantity of electricity is liberated when 
"*gh-pressure steam escapes into the atmosphere was discovered 
accidentally in 1841, when it was first noticed in the boiler of a 
locomotive engine. Armstrong, who rigorously investigated the 
phenomenon, found no trace of sensible electricity in the steam 
®**tained in the boiler ; and that none was developed till the 
^^^Mn reached the open air, when it was invariably positive ; that 
*•** production of electricity was proportional to the amount of 
'^'un generated, and that its intensity increased with the tension 
J" the steam ; lastly, that not only were sparks emitted by it, 
hut it gave shocks like those obtained from a Leyden ^ar. Pfa^T 
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pvrformcd the same experiments with a Papin*s digester, and 
confirmed in general the correctness of Aimstrong^s inferences; 
he obtained precisely similar results when he used distilled, allu- 
line, and acidulated water. His opinicMi is that the electrintj 
is generated by the pressure of the steam on the water ; he tbert- 
fore considers that these phenomena may properly be raii|^ 
under the head of electrical phenomena produced by preanre; 
Armstrong, on the contrary, thought at first that this eleetridty 
arose from the condensation of the steam, but he has since giTfli 
it as his opinion that the electricity is generated when the steiD 
is exposed to friction : he does not, however, belieTC that ws 
friction is the exclusive cause of its production. His ioTesdga- 
tious may involve important consequences which have not yet 
been perceived, for in high-pressure steam we have so remarkably 
fertile a source of electricity, as greatly exceeds the best ekO" 
trical machines. 

A short description of Armstrong's Ifydro' Electric Mof^ 
may not be out of place here. It consists of a boiler of 
wrought iron of cylindrical form 3^ ft. long and 1} ft ^ 
diameter ; its ends are rounded off into hemispheres, and 
with its frame and grate for the firing, it is insulated by 
means of glass legs. When the steam is allowed to escape 
through certain cocks constructed for that purpose, the 
pressure being 70 lb. to the square inch, an effect is obtained 
7. times greater than from a good electrical machine with a 
plate 3 ft. in diameter ; the comparison was made in the 
following manner. A Lane's jar (§ 487. Jig, 162.) with 
198 sq. in. of coated surface, was used to measure the 
electricity generated by both the machines. Wh^ the 
balls were held i an inch apart, and the plate was turned 
round 70 times m a minute, 29 discharges were obtained 
from this electrometer ; on connecting it with the insulated 
boiler 220 discharges were obtained in the minute. Ann* 
strong considered that each single ray of steam as it issued 
from the cock into the air,, gave out as much electricity as 
a good electrical machine of ordinary size ; and as a boiler 
capable of generating steam equal to that of a locomotive 
engine could discharge 100 such rays, we may form some 
idea of the prodigious development of electricity that may 
be effected by means o{ steam. 

* Note The subject has been investigated by Faraday, wlio thus ex- 
presses the conclusion at which he arrived : — " The cause of the evolution of 
electricity by the liberation of confined steam is not evaporation ; and furthWj 
being, I believe, friction, it has no eflfect in producing, and is not connects 
with the general electricity of the atmosphere: also, that as far as I have been 
able to proceed, pure gases, i.e. gases not mingled with solid or liquid p*'* 
tides, do not excite electricity by friction against solid or liquid substances- 
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Electrical phenomeiu have been ootSccd in manj bocks, espe* 
ally in those of cnrslalline fiwiD, vbcn a radden ci<TT;ptioc of 
leir internal structure takes place. When bj mechacical or 
ther means their cohesion is overcome, sparks are seen, and the 
ivided portions are in a state of opposite electrical tension. 
The following experiments maj lerre as illustrations : 
F^rst Expt, Becquerel obserred that vben a small cleft 
' was made in a lamina of mica, and a stick of sealing-wax 
was fastened to the portions of the crystal thus prepared for 
splitting, on tearing them asunder a luminous appearance 
was visible in the dark, and each of the fragments after rup- 
ture was oppositely electrified. The like obtains with other 
crystallized minerals if treated in the same manner. We may 
mention gypsum, calcareous spar, &c.; the same phenomenon 
may be noticed in tearing a commcm playing-card. 

Second Expt. Dr. R. Bottger mentions the following 
electrical phenomena as observed by him in a salt crystal- 
lized by ftuion. Connect a platinum dish or a small cru- 
cible by means of a bent wire, with the conductor of a 
sensitive electroscope. In thb metal vessel place some 
crystals of sulphate of copper and potash, which are to be 
heated by applying a spirit lamp under the dish until the 
crystals have parted with their water of crystallization, and 
are reduced to a perfectly liquid state. AVhen the whole is 
in this state of fusion remove the lamp, and within a few 
seconds the entire mass will crystallize, but without any 
trace of free electricity ; so soon, however, as the mass has 
acquired a solid crystalline structure, it begins to contract 
and gradually to rend asunder, this process being attended 
by an audible crackling noise ; the electroscope distinctly 
shows + electricity to be liberated every time that the con- 
traction of the mass produces a rupture in the individual 
particles. In proportion as the mass becomes gradually 
reduced to a pulverized condition, the electrical phenomena 
disappear ; the experiment may however be repeated at 
pleasure by fusing the salt in the manner described already. 
Dr. Bottger considers this as a convincing proof that elec- 
tricity and light are evolved, not so much at the moment 
when the crystals are formed, but rather when a crystal 
already formed touches or destroys another ; he is also of 
opinion that the bright sparks which, according to Uose's 
observations, are to be seen in gradually cooling a solution 
of white arsenic, are derived from a like source. 
Lastly, we must reckon under tiie same class all those elec- 
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In good condunon a itale of thermo-electrical te 
duced only bf in-Hulaling them, and applying a strong IM 
end, which beromes positively electrified wbilo tbe 9 
extremity is negatively electrified. 
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of the condenser in your band, and form a 
moistened paper lu the epirsl ; the latter wt' 
with poniive electricity, and the plate of the c 
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Heat, or cool, one end of any good conductor, as a * 

ip of metal ; on hinging together its two eiids, which iti 
unequal lempenitures, a Ihermo-tlectric onrreiU will he gmenll'- 1 
result will follow at any part of a ■ • -'- 
mass of the body is at all modified. . . 
where B difference in the thickness or in the density of tbcuVl 
» a varislion in the temperature. In both oiici B I 
opportunity is ofTerEd by the local influence of the heat tot U* f 
electricities, which had been held a 
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conductor, thai * 
ly, bod it been perfectly homogeneouB throughout, ai ■ 
a wire of exactly equal dimensions <^um end to end, then M 
elecirie current would have been generated From this »»1 1 
'•imilar ciri-umstanccs Beuquerel thinks we arc wBiranled io I 
interring that a change in temperature is not tbe sole tequialt | 
&ir Ihe production of thermo-clectrio currents, but that ^ j 
iQOUsei must be in operation bj which tbe distribution oF Iwlil 
Ibindcred Iroui being unithrm, so thai it moves more rapidly 01 

other of tbe liot or cold spot. 

The intensity of the current yaries according to llie nalun cf 
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"Wi re^rd to the degree in which the mrtslt become electri. 
' thtough inequality in their temperalurv, Yelin givra tlie fol- 

^ted, and the lost UisI nhich is lesst so : bismittli, aiitimori;, 
^ lilier, platinum, copper, hni^ gold, tin, lead : Emmett Htid 
'Wli have arranged the metals in two groups, according to the 
J^tion the current tnkci; in the one elau placing those in 

*) heat, in other wordn, in which it goes tiom the hot to the 
*4 pBrt of the metal ; in the other group those in which the 
l>TentB of heat and positive electricity run in opposite directionn. 
^vnnttt places platinum, gold, silver, copper, and nickel in the 
'^■nd tin, lead, zinc, iron, braai,' arsenic, Kniimon;, and bis- 
jUth in the second. Nobili reckons bismuth, platinum, gold, 
"nt, tin, brass, lead, and copper to belong to the first class, and 
"Se, antimony, and iron to the second. From Ihesa two lists it 
mdil)' seen that the negative metals which are not easily 
tjdiied by heat give out + electricity, and the positive melaU 
birb soon oiydize give out — electricity. Nohili says that ir 
''odry cylinder) of clay be connected by means of a wire, and 
^ end of one be very much heated, and then placed in contact 
aili that of the other, a current of electricity will immediately 
■fli^eed from the hot to (he cold ojV ' 
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if then 



B of a galvau' 



(§519.). Since, however, they pi 

tensity, the re3i<itance to conduction in Ihe instrument itself 
•hould not be considerable. This is effected by making but 
few coils, and employing pretty stout cupper wire, about 
jl,th of an inch in thickness i or Fechner recommends a strip 
of copper initead of the coils of wire, and an astatic needle 
haling the freest possible motion, suth be is used In NobiIi% 
galvanometer. (§ 512., Jig. 190-) 

Fig. 197. . 
Fig. 197. of copper thus substituted ftifl 

I Ihe usual coils of wire, (ha 

I width of the metal being equal 

lu the kngih of the needle. 
The ends are shown in Ihe 
diagram to taper oti) and are 
bent so that they can be 
o brought in a horizontal por- 

tion near to each other; they 
•ith bindin^-icrews, a and *, to secure the 
iductor in which it is desired to generate a 
current. In the upper plate is a slit through 
■r needle, n t, suspended bj a lliieai, tan >« 
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*)* ^*^*5V», As has been remarked above, the most powerful 
simpkl^ battery is obtiuned by combining antimony and 
pisnr&^^^l^ in this manner. In the middle of the lower plate 
** ^^ ^VEpright piece of wire, finely pointed, and carrying a 
^'^^'^"ti've needle, n», which has a graduated circle imme- 
aia.c.^1^ beneath, on which the angle of its deflexion may 

"7^^^ following experiments can be performed by means of 
**i 5^. »^ thermo battery as we have just described, consisting 
^. *^*inuth and brass, antimony and brass, or antimony and 

"^ * »•«< Expt, with a bismuth and brass battery. Place the 

f^*^-**^.^us in such a position that the longer direction of the 

^ •'^r'y- may coincide with the magnetic meridian, and have 

. . ^^.me polar position as the needle. Heat the southern 

^^ ^ ^.t a by holding under it the flame of a spirit lamp, and 

*^<^inh pole of the magnet will begin to turn towards the 

'^ f -^ ^^s deviation increasing as the temperature rises. Hence 

\ *^^*<iws that (by § 512.) the current proceeds from b to a, 

* * *^Oxn the cold to the heated end. 

- I ^,^^€>rtd Expt,f ivUh a battery of antimony and brass. — Treat 

^» J, *^** the same manner as the preceding, and the north pole 

^e deflected eastwards ; hence the current goes fVom 



^1^ '««rd Expt,y with a battery of antimony and bismuth. — 
»? deviation in this case will be similar to that in the pre- 



^ ^» or from the hot to the cold part of the metal. 

^ **^g, only that it will be much greater, the joint a being 
*'^^d as before. 

^Ool a by the method given in the fourth experiment of 

^ Pi'eceding paragraph, and the needle will be deflected in 

^ *^Pposite direction ; the intensity of the current will be 

** **bied by simultaneously heating a and cooling b. As a 

^^Tal rule, the sensibility of single thermo-electric bat- 

♦ *? may be increased by using a double astatic needle, as 

^ 'echner's thermo-galvanometer, Jig, 1 97. 



§531. 

Compound thermo-batteries, or thermo-electric piles, may be 
flOH^B^cted by combining a number of single ones on the same 
l^fineiple as voltaic piles or h^dro-electric batteries are formed. 
OOBtei the single thermo-electric batteries by soldering together 
^ tvo heterogeneous metals in pairs, so that the poles of the 
pQt may end in two heterogeneous metals. Heat simultaneously 
dl the Junctions on one side of the pile, and cool all on the other, 
Mthit a heated point follows a cold one throughout*, awd. IW 
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n, the dark luiei representing Hi 
hiiM liiid ihc Dlher. Lcl s be tbe juDCliaos to be ti 
thuw W be nwlLil. or tiu vttia. These ihenno pil^ 
vwiouslf cooUnictHl, according to the putpOM lo w1 
•M (pitllcd, diOtring In form, dimeiuioiu, and Ihe mditi U 
•iTCtTWiHMon. Buinuth and ajitimonT are the metals tDOit| 
nUy tHU^urvd, and Ibo piles made of them are the mcnt eS 
mui !ieiitiiuv«, but the; cannot be uied at high temperalUiH 
tbtt bmt to whivh the batlerj la lo he eipwcd is great, pUl 
Hud inMi ahuutd be mod. Tbe melals are commonly in the; 
of liHir-iidHi prismatic ban, a few iachea long, frcqueDlh 
uiW inch ia lcu|;th. aiiJ ■ tew lines in thickness tad breim 
'llwHi lh«rtnu-elevtrie pile* pro^tuce effects preciset;' simi 
tbiHw brought about by the hydiu-clectrie piles; i.e. if tb<! 
*i»l uf » (uflicieal number of pairs of adequate dimenHOB 
prwIiKO lbs Mcne phenomena of light and heat, the; aa: 
UUM pbysiulogical senHlioni, and exert the lamc chemleil 
ViHMw but ill a lower dsgn-e ; became of llie leaiitance toN 
tiuu that has lo be ovurioine, which re»istancE prereDts 111 
IMiU gwiierated by then' piles, even when they con»>l of 

C. puMUHUig an InlcTiiily equal lo that uf cuirenls emli 
liydio-electric liaiivrlo. 

Munke describea one of these piles which be h» 
WnioU'd, tho current of which produces all the eHccW I 
■bov«; it eonsisl, uf 81 pairs of entiinony and bi 
bMi, 87 lines long, 5 wide, and 4 thick. The paiiao 
are armnged in 9 nwt of 9 pairs each, which, with I 
UWlal connecting pieces, give 90 junciions on each M( 
(lie pile. The under side .tands in a tin Tessel fuHfl^ 
euntaining ico and snow, while a cooper plate q 
ehartwil is laid on the ur" ' ' "^ f^ 1 
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§532. 

l^^^t theoretical views and their practical application have de- 
7^ considerable advantage from our increased knowledge of the 
*^*'c and properties of thermo-electric currents. Undoubtedly 
^ ^^ost important benefit, and that of which the roost extensive 
^Oas yet been made, is the application of the thermo-electric 
^^^nt to measure temperatures in cases where other instruments 
. ^ not sufficiently delicate, or where the temperatures were so 
'"finely high or so very low that our ordinary pyrometers and 
*^onieters could not be relied on ; or, lastly, to measure the 
^^^ of heat in places where other kinds of ap])aratus could not 
^sed. The strength of the current generated by the heat in a 
^*'^o-bftttery measures its temperature ; the intensity of the 
^^cnt being ^timated, as in hydro-electric batteries, by the 
^'^xion of a magnetic needle. An apparatus of this kind is 
'''^ed a magnet thermometer, 

,-^8 yet it has been most extensively used to determine very 
^*^tite differences of temperature. The magnetic differential 
^*>iMnuier, constructed for this purpose by Nobili, consists of a 
^^ of bismuth and antimony, whose poles are connected with a 
-licate thermo-galvanometer. When in use the source of heat 
^^ tested is allowed to operate on one half of the junctions, 
^Ue the other half are kept at as low a temperature as possible. 
"^^ delicacy of an apparatus of thi^ kind is such that, according 
^ Kobili's observations and comparisons, it is capable of mea- 
**ing by the deflexion of the needle a difference of temperature 
^jgth of a degree. By the aid of such a delicate instrument, 
''ftfloni was enabled to carry on his beautiful and important in- 
stigations into the relations of radiant heat with the greatest 
Curacy, as well as to confirm them by experiments that admit- 
^ of no doubt (see § 384 — 389.). Von Wrede used the same 
'^Cans for determining the velocity of radiant heat (see § 381.). 
The thermo-electric piles recently constructed by Nobili 
and Melloni are of various forms, according to the use to 
which they are to be applied. In that which Nobili ca11» 
** pila a scatola,** the prisms of bismuth and antimony are so 
arranged that each half of the junctions stands near the 
other in a square. AH the pairs are enclosed in a brass box 
of cylindrical shape, in which they are insulated, with respect 
both to the box and to one another, by having the interstices 
filled up with gypsum, wax, or resin. The two poles of the 
pile end on the outside of the cylinder in two binding- 
screws, by which they may be connected with the thermo- 
galvanometer. Both ends of the pile can be closed by a lid 
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le by eoiling a strip of very thin copper some twenty- 
The construction of this galvanometer in other points 
that of the sine compass (§ 522.); and, by a formula 
ives, we may calculate from the angle of the needle's 
what is the temperature of the junction exposed to the 
means of such an instrument the fusion-point of most 
als has been determined (§ 401.) Pouillet also used 
>-electric battery for determining the maximum degree 
He endeavoured to ascertain the temperature at which 
* freezes and sulphuric icther combined with solid car- 
begins to solidify. He used a battery of bismuth and 
kd found the degrees of cold shewn by it to agree 
th those given by an air-pyrometer and a spirit of wine 
er with which he compared them ; he considered, 
that the indications of this apparatus are proportional 
Tences of the temperature as low as — 100^ centigrade 
Fahr., or 180° below the freezing point, 
'd use to which these thermopiles have been applied is 
! the temperature of places ; they have been employed 
ng the temperature of the sea, and that of the earth*s 
arious depths below the sur&ce, as also that of the 
3 at different elevations. The simple batteries as yet 
le purpose consist of an iron and copper wire, whose 
•Idered together ; the length will vary according to the 
f the point whose temperature is to be investigated, 
junctions must be at thb place, and the other at the 
ere the observatiojis are made. A thermo-galvano- 
•nnected with the battery, and shows by the deflexion 
He what is the difference in the temperatures of the 
IS. Now to measure this, Peltier immersed the junc- 
place of observation in some fluid whose temperature 
r lowered, as the case might be, till the galvanometer 
d at zero, when the temperature of both the junctions 
ual. A thermometer standing in the fluid showed the 
i point, and at the same time also that at the more 
iction. These measurements will not always give 
ccurate results, especially when the difference between 
atures is small ; and if the length of wire to be tra- 
he current is considerable, its intensity will sometimes 
late to overcome the resistance to conduction and 
aagnetic needle. 

?iVing of remark that by means of a tbermo-electrical 
such in principle as we have just described, but of 
lified somewhat in form, Becquerel, Brechet, and Du- 
?e succeeded in obtaining important estimates of the 
»f cold-blooded animals and living vegetables, 
•lication of thermo-batteries to this use led Peltier at 
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ame direction on and within the earth*8 crust, 
the equator and its parallels. This theory, 
nost modern philosophers, was first broached 

ance of this theory induced several scientific 
M experiments to determine the actual exist- 
urrents. In the year 1830, Fox performed a 
iments in the mines of Cornwall, by connect* 
t stations in the same vein with the wires of a 

He thus ascertained the existence of eleo> 

of different degrees of intensity within the 
ection in some cases running from £. to W., 

W. to £., and when the stations were at un* 
below the surface, the electric current was 
1 wards ; Pentherick and Bennett verified this 
I in their experiments in other mines. Pro* 
experiments, which he carried on in 1838 and 
mines of Saxony led to similar results, inas- 
jund the direction of the currents to depend 
hical situation of the place, and on the depth 
lelow the surface. 

cquerel has since made us acquainted with 
teal influence of light. From a series of 
[renious experiments, this philosopher found 
:a] rays (§ 358.) of the sun and of artificial 
ch an influence on plates of metal immersed 
ey can decompose, as to cause electrical phe* 

could not be produced by means of heat 

the plates thus exposed to these rays became 

rifled, llie fluid must be one chemically acted 

subsequent experiments have shown that the 

1 of liglit is not the sole exciting cause of 

but that the radiation of the metal exerts a 
nee on this phenomenon. That light alone, 
emieal action, might produce this eflTect, can 
c following experiment. A vessel was divided 

by means of a capillary partition, and each 
ed with an opaque screen. Both compart- 
m filled with the same fluid, and a strip of 
i in each ; the connection was established by 
Ivanometer. Under ordinary circumstances, 
urrent would be generated in the apparatus ; 
g the screen from either of the divisions so 

light to fall on the platinum, the needle of 
er was considerably deflected from its original 
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Kto the inportsnt difoovery, that a bydn-e 
pMM|^ throiigh a siogle thermo-battery, 
ganwratiny either heat or eold at its junctioiu; the 
iti dircetioa if opponte to that of the thermo-el 
wbieh ii gcnemted by raising the temperature of 1 
the latter, when its direetion is opposite to that 
piodueed by eooling the same points. The s 
adapted for testing the difference of temperatun 
hydro-eleetrie current is PdUet** Tkermihtlettrie 
comtsti of two strips of different metals, ex, gr, 
Usmuth, laid one over the other in the form of a 
dered together at the point of intersection. Two 
metal ends of such a cross are connected with 1 
•ingle hydro-electric battery^ and the other two i 
galvanometer. As the stream flows through the 
needle of the galvanometer is deflected, irom w 
whether these points have been heated or cooled. 
current may be allowed to act alone for some rainu 
pend it and connect both ends of the cross with the 
the same result is obtained. If the cross be mad 
and bismuth, the junctions are heated when the cu 
from the former metal to the latter ; on the contra 
eooled it goes in the opposite direction. Corresp 
have been obtmned with other •thermo-electric con 
as a general rule, it seems that heat is elicited wh( 
current passes from a bad to a good conductor; tb 
duced when these circumstances are reversed. 
lowered the temperature of a junction in an anti 
muth battery by the voltaic current as to freeze we 



§ 533. 

Light is mediately a cause by which the electric 
in a body \b disturbed, if it produce local heat, esp< 
parts where heterogeneous substances touch. This 
light is easily explained by attributing it to the the 
of the solar rays (§425.); but the inferences tl 
be justified in drawing as to the warming of the 
by the sun are of special importance. Since th 
earth may be regarded as a battery of heterogc 
and since its thermo-electric currents have for the 
same path as that in which its heat advances, it 1 
inferred that during the rotation of the earth froi 
the heating of its surface by the sun's rays goes on 
direction, viz. from east to west, and that to th' 
eurrents owe their origin ; for they hold on thei: 
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It frcijuLiit ia ll 

mnt (he atmospbefeii" 

*« Vm ri»iMii« fcr aking up » large qi 
<^i. Kb* tr a NfMura of air tuii; n 
f wW «aaM kal d^tlT rhnn uij c* 
MMrr tii«*ti— n tbM^ fulfilled for ■ 
gMe fkna of die Tapour, »hich is conierM 
■(nebferaibitoaurtianl cloudi. lliiaproceaa 
Iho* cinuBtiMnm nnali more nipidlj and at 
caokr air. taluntcd with aqucaui vipoiir ol 
I(>*0R<1 iu mnpcnlttrc the mma number of 4 
dea*at!on thus prailwcil disturbi the elecnicil^ 
Pm* subaislii^ in lh« npour. and Ibo + eled 
the ronduoting surGtc* of the drops. In propd 
mMion of tnixt gon na the elands become ihid 
vapour come lt>geth« uear enough lo touch, and IJ 
dMtricilj is driteo lo Ihr surfiwe, which has the sh« 
dary : the lemion of the electricity which is thui txu 
IWBWiirily increaae, just as it does in an insulated eoi 
MTged (§483.). Suchcluudsaiethimlaberegin 
hted conductors floating shout in the air. which 
fragnralilj la the laws oF pulir attraction and indue 
*"S. ) on any bodies that come within the range 
The origin of cluuds negatively charged i 
rrr inui i il is supposed ihst the positively deciri 
wbkb iMt about in the higher regions of the atm 
ttwir Inductive influence oo other clouds nearer la tb 
UwuMilmi, ktlraci the — electricity [tram the latla, i 
tWlriuiiy dischnrged into them makes its escape tt 
»nd other prnjecling objects on the earth's aurboe. 

'fhs cloud* thus charged with electricity, Kke all 
IrWal bMlies, eiert « tendenev to saturste themsBlvl 
Jbe iDlagDuiHt electrioily, and thus lo rE-eslablish a si 
librmm. , This iiiterchiuigo takes place cither betwec 
elwifiHed clouds, or between the latter and the earlh'> 



Mvords ew;h other, as alto flit the i.-.....k" "' 'u™ 
undergo. If the equi>]i*iili<.n i.f ilivir eU'Ctriciliea b 
_?."'»• VV' interrening stratum of air i. penetrated 1 
ll'^";^ "^merely a strnuji electric spurk i iU pal 
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U the case vhen, on account of their relatively low con- 
g power, the clouds do not completely discharge them- 
at once. This corresponds to the residuum of sensible 
eity, which accumulates on the sur&ce of a battery that hiis 
Uacbarged, and thus causes a second or third discharge. 
i tkmmder is produced simultaneously with the lightning. It 
md report caused by the sudden rupture and dis^H^nrjion of 
r by the passage of the flash of lightning ; and is perceivtHl 
ppen, on a Tery small scale, on discharging a battery. If tlu> 
rer be at no great distance firom where the exp1a?uon takes 
. be will hear only a sudden report of short duration ; but 
^M>rtion as the thund^ becomes more distant it will be ac- 
•oied with a peculiar rolling tound* It is most probable that 
(^ng or pealing of the thunder is occasioned partly by the 
eot compression and disruption of the air by the lightning 
! course of its passage, sometimes miles in length, through 
amp strata of air, which act as conductors ; partly also 
i different distances from which the sound conies to leacli 
irs; and partly to the recoil of the waves of sound from the 

the sea, and even from the clouds. Kamts conjectures 
t is modified also by the interference of the undulations, 
ese various causes the original report is so afTected, that 
er heard in a plain country sounds differently from that 

in a hilly one, and this again from that heard at sea ; in- 
at no two places probably is it exactly alike. From the 
xrhich elapses between the flash and the report, the distance 
t cloud whence they proceed may be calculated by the ob- 

according to the laws which are known to regulate the 
ty with which sound travels. 

i electrical discharges firom the clouds fall the more readily 
iects at the earth's surface in proportion as they favour the 
:ive action of the clouds, and aid the passage of the light- 
ly the good conducting structure of their materials, by l)e- 
ill connected with the ground, and especially by their height 
l^re, which should be pointed at the extremity. Hence 
ing most frequently strikes high houses, towers, trees, masts 
16, and the like. 

i effects produced by the lightning in its course through 
I depends principally on their conducting power. They 
Ue, on a grand scale, the effects of powerful sparks from an 
cal battery. When it strikes any object it proceeds from 
»oint along the best conductor that offers itself, so that it 
lot always choose the nearest path by which to reach the 
d. On arriving there, it is neutralized by the opposite 
city of the earth, and all its influence ceases. If the con- 
a be stout bars of metal, or any similar objects, which oW\:\ 
trifling resistance to the passage of the lightning, the dis<^ 
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chuge *iU uke pUce vhhoul laiTUig aaj pcrceplible tr 

its iiiflaencij. If Ihii U not thv case, at wlieQ the Ughtiui^ Oxfio 

cither bad conduclori. Di cunJucton at iusufficient upKil;. M 

Ihow vhose continuity a broken so that there are inlsmlt net 

which it must leap, at tbtvugh which it must petietnte. & 

effiwts ore eitremelf vuiut. It fuses or calcicca the lubM 

through which it passes, as when it traverses wires tbat U, 

fine. It sets on fire «ncb bodiea as are easily cambuetiUft '■ 

Titiifies eartbj >ubstmice!i, especially sucb as are at all niul] ' 

It fpliti into shiten those solid bodies which arc bad conduc 

and 19 dcstruciice to life, both of mnn and of the lower U 

(b). Sometimes a flash i> emitted Aom the earth witbuiil iV N 

eltctrlcitj being discharged firom a thunder. cloud. Thii |M'' ^ 

meixon in Ihui eiplained : when a cloud floats just abo>e ta^ 

trial objects, and by induction acrumutates in thetn a great qoA 

tity of the op|iosite electricity, and then suddenly (lUchilfl 

itself ogainst s cloud blj^her in the aEr than itself the wnil 

recoil of the latter ociaisons the phenotnenoo. 

(a) When the lightning strikea a stud; 

penetrate!) to a depth of 3D feet, fusing t 

which it passes, so as to give the appeal 

lube; to these holesthe name of/WAiiintM has bcengifcnll 

their electrical origin, which was long held as doublT ' 

been fully proved by Beudanl and other French philo. , 

who artificially produced similar effects by amoMifi 

electrical battery. 

Almost all these caiitic!) whieb have been li 
greater depth than some SO or 25 feet are found to ^^ 

in a collection of water; so if we compare the lighlniBf It' 
ele«triD sparli, the cloud to the conductor, the mas) of vU 
to the discharger, then the superincumbent ]>ed of wrf" 
answer to the interposed substance which is pieiMd bjS 
passage of the spark. 

(6) On the morning of June 2., 1B39, a flash of ^ 
ningstruckabattalionof Frcnchinfantryontheirro 
Metifresto'Weissenburg between Mouion and Stenayi 1 
men were struck by it to the gruund, and on rising m 
was seen to issue from their mouths, noses and earn ' 
men were kliUd on the spot. 

The precautions to be taken in order to seoura OHM 
from H stroke of lightning will be readily SBen from »J_ 
iragraplifi, and from a fcno»|S 
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WATER-SPOUTS, WHIRLWINDS, HAIL. PARATONNKRKS. 1 Tf) 

process of evaporation, walk in the middle of th^ street 

rather than near the houses : if within doors, place yourself 

in the middle of the room, away from the walls, bell -pulls, 

or any other conductors of electricity. 

Water-spouts and whirlwinds, as also haU, which not unfre* 

uently accompany storms, are among the aerial phenomena that 

ctTe not yet been satisfactorily accounted for ; atmospheric 

Icctricity may however be regarded as at least a co-operating 

aiise by which they are generated. 

Watcr>spouts observed at sea, and the pillars of sand seen 
idierally in the great deserts, resemble huge funnels depending 
rom the clouds. Tliey have a remarkably quick and tortuous 
^^cCion, and frequently emit flashesof lightning trom their interior. 
Vlien they arise at sea, the water immediately beneath them is 
lit into a state of rotation ; by which means it is drawn up to the 
^«ter- spout. When this phenomenon occurs on land, dust, sand, 
»d other bodies arc raised in like manner. The force with 
^lilch this motion is generated is prodigious. The masts of ships 
L^ve been broken by it, the vessels themselves have sometimes 
'^sen raised up by it and then sunk ; whilst on land trees and 
^CQ bouses have sometimes been unable to withstand its 
Icdence. 

Hiere is a very difficult problem to be solved with regard to 
^^il, which is evidently formed in the atmosphere, and which oc- 
^4ionally falls in pieces large as a man's Hst, viz., how so many 
"^ousand tons of ice can be formed and supported in the air ? 



§ 540. 

After Nollet and Winkler had almost simultaneously (about 
5^6 middle of the last century) discovered the electrical nature ot" 
l^tning, Franklin (1753) applied himself to invent some method 
^ which the lightning might be conducted to the ground, and 
^ destructive effects guarded against. The lightning conductors 
^hieh he invented were rods of metal, of sufficient thickness, ter- 
k^ioatiDg in a point, which projected some distance above the 
'ighest part of the building near which they were fastened ; their 
Ootinuity was unbroken throughout, and their lower extremity 
^U driven some way in the ground : by this simple contrivance 
'nlldings, especially such as are filled with inflammable materials, 
•tl» secured against the destructive action of lightning ; the ap- 
■wmtus, with slight modification, has been applied also to ships. 
n the erection of a paratonnere the object to be secured is, that 
iien it eauses the discharge of an electric cloud, it alone should 
Doduct the lightning to the ground without the building it is 
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intended to protect or toy of the neigfaboiirii^ ones coahflMtuf 
in the slightest degree to re-establish the etectrictl e<{mlibnini 
Since the original inTentioa of this most useAil sppvat* 
various improvements hare heen introduced in its col' 
stniction, and an attempt has been made to find some oedi^ 
of measuring its protective power. In the cteetion of 0** 
ductars the following rules are generallj attended to; if i' 
iron the upright rods are genenuly about S inches tliiel*' 
they rise at least from 5 to 6 feet above the highest parti ^ 
the building they are to defend, their ends are armed viA< 
truncated point generally of copper gilL It is assunedtW 
.1 paratonnere of this kind is effective within a cirdeofSO 
feet, that when several are erected they ought not to besM* 
than 60 feet asunder. According to the experiments of R*" 
fessor Charles it would seem, however, that a paratonncw ^ 
not protect any object whose distance exceeds twice itto* 
height al)ove the object. A metallic connexion isesificd* 
from tlie projecting rod uninterruptedly to the groundJ^ 
this purpose a tli inner bar, generally about J an inchttfji ^.^ 
is used ; but sometimes strips of other metals are emploj" ^^ 
and occasionally even wire. Whatever kind of coodB*! 
may be selected, it is necessary that it should go over *• 
roof and not merely down from the upright rod abote ^ 
building ; care should especially be taken that wherevtf v 
parts are joined there should be a pure metallic conne^ 
further, it is advisable that it should be carried at someli^ 
distance from the roof and walls of the building ; tW » 
should not pass through any combustible substance; tW* 
should be kept away from any metal in the building its* 
such as bell wires and the like ; that if the roof be ofniew 
the conductor should be carried clean over it and over aij 
metal gutters and spouts. The ends of the conducting "* 
or wires ought to be carried to a place where the earth isits» 
^ iTood conductor ; if into a pool of water so much thebet»« 
if this cannot be done, select as damp a spot as ctB b* 
(aund« and let the conductors terminate in three or fourfr 
. -^'j-afew feet under ground and not close to the buildiBfr 
p^ igf.niagazines, laboratories, and similar edifices, contii»* 
' substances that would readily iprnite, require to ^ 
*"P ' J ^ith especial care against lightning. To preventtl* 
'*^''^^. j0inmunicating at all with the building, tall pote 
Wthtnin? ^.^^^^^ bijrher tlian any part of the building •« 
^iVe tP*si- ^^^y^ j^ jjt distances of from 6 to 10 feet; the 
;Oaced TO^ ^^^^j. are armed with paratonneres, and, accord- 
io^^vJ^ILjor Charles's observations, the distance of one 
■^tO ^^''^Jgiber should not exceed one-fourth of it« 
ittitst fr*"' w^ i^tflSiruction of edifices requiring extra care 
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!cure them firom lightiiing all unnecessary projections 
Id be avoided and as small a quantity of metal as poft- 
! should enter into their construction, 
he phenomena of lightning, and the destructive effects 
;h sometimes follow when it strikes a building are ex- 
lified by means of a well known piece of apparatus called 
inder-house, used with an electrical machine ; by It the 
ty of lightning conductors is illustrated, and the iden- 
of the lightning and of ordinary electricity is fully 
>lished. 



§ 541. 

mbent lightning, usually seen during the warm summer 
playing in the horizon, is another welUknown elec 
momenon. It consists in a succession of luminous flashes 
sllowing each other and each of but transient duration, 
t like thunder is heard to follow and the light is often 
t the same time in the most opposite regions of the 
xtending over a very considerable space. It has been 
kI beyond doubt that in many cases it is owing to the 
' lightning which attend storms h^pening at that ver>' 
places below the horizon ; but in other instances, 
believes it to be an electrical phenomenon altogether in- 
it of any thunder-storm, owing to the efflux of strongly 
ited electricity which me6ts with no antagonist electricity 
ighbouring strata of clouds ; similar therefore to what 
1 the experiment with the lightning table described in 



§ 542. 

r electrical phenomena, but less generally known and less 

y noticed are those tufts of light occasionally visible 

! air is in a highly electrical state on pointed objects, such 

ps of the masts and the ends of the sail-yards of vessels, 

ps of lightning conductors, on the ends of bayonets, and 

» even on the ears of horses ; the ancients gave to this 

name of Castor and Pollux : in modem times it has re- 

irious names, as St. Elm's fire, Helen's lights, &c. The 

een to flow from such bodies as we have just named for 

of time, the discharge being attended with a crackling 

produces no perceptible effects, and is in all probability 

the equalization between the electrical tension of the at- 

> and earth, resemlding the emission ef electricity from 

Kxlies towards the conductor of the machine. 

V 3 



§S4S. 

' Tlie Pofrir light*. Ihe Aiirora BortaKx, and Aiatri 
U ■ppennncei in the horiion, lens truuient in _. ... 
iD eilher tlie Ughtaing oi tlie phenotnenon detcribedla^l 
TCtdtng p>rHgn|ih ; iodeedlhey are sometimes visible IbrbsaE^ I 
*- 1 ot auBt tiequect occurrence ia the tiigber \*Mb- I 

e in the lemperBtc loiies, and vitbin the tropieitlq W 
t Kuoel]! ever •cen. Id the narthero bemisphere ibe Ilk 
MnMcd put turroundi the aan\i pole, in the oppoutebon' , 
irrounds the soutti pole; hence the TespectiveaM*- | 
uid owlmliii applied to the aurorn. When Ibe i«« , 
I perfect, which howeTei it nrelj it, it conrists of a lumiM* i 
'a rirculsr ibrm. caclosing with Ilie hariaHi adirlKf- i 
Ta circle vhooc centre Kema to lie id the magnet IX" i 

Thii arch of light andcrgoes man; changes in &* , 

Wmliful coloun which mmpoBe it, and emits msnjflublif 

St From tinN to time it throws up Eparlu of ligbt of v 
un, and in otmr diiection ; these frequently reach lo * 
•Maih and form a kind of crowiL The Rreaicst hdght to vbM 
ikm radiant lljthl cxteni]* in the atmosphere is BDmeirhereabnt 
MW«n mile*. Somelimea the entire hratens appeu illDmhultJ 
«kaT« the iirch to the *ery lenilh ; it is aaicrted thai when ll» 
•Mtlwni lights are iinusuiilly bnllianc. very peculiar noiut hm 
' B tMwn hsard. 

■tn expuiliuentt and observations made on tbii ta^tA 

'MjUj Ilanateen, it appears that the polar lights da lit- 

' but nut Klwayi. advct the magnetic needle, defleclir>| 

i1 dugrces, juit k> the electric current deScctt the gil- 

tto needle (§ i&\ and g SIS.), vhereas if n needleot 

M tny other inelal he siibttltiKed for the magnetic nefdl* 

~Ml follow*. There h a great similarity between IM 

H and Ihe appearwiee prewnted on exhausting a gl» 

■ 1 di«:hirging a stream of electricity into li» 

le Id the tkctrind numm bartaHM, § 493. Hi»- 

n i> WDTlhy of notice, that, diortly befcre 4t 

■ toeHi the terrestriiU nugnedsm displaji <■ 

ft which however diminishes on the uppearUH 

|ltts, and gradually ^nks again to ita ordinu; 

UPWlllIwi" of this phenomenon lo others oftf 
m^^ fram the fact that it frequently affects tbe 
IP^, q, m Md almost universally to be of eleetik 
Vt>Ul>l>jih.'<^^'"''''S '>'* rcBideoce in Iceland hiA 
Vt:iu ^c\iir seeing Ibiii phenomenon, eonudenitta 
Ih'^Xl^.ilttehargei) in the line feathery eliwda !■ 
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se northern regions where thunder-ttormn Are unknown; tlie 
K, too, which has sometimes been observed to sccompimy tli« 
hes of light, is by him referred to an electiio origin. 



§544. 

t is generally believed that we are warranted in saying tlttit 
le the fiinctions of life are performed, an uninttfrruptt^d dc • 
ipment of electricity is maintained between tlie nerviw a ml 
ides of animals, at the sur&ce of the skin, and espucialiy in 
iiogeneous organs. The precise origin from which (lii* 
^ly of electricity is derived is still unknown to us ; some i*oii- 
r it to be an effect of the organic process of life in general ; 
srs that by means of the contact, m by some chemical dil- 
nce in the nerves and muscles, the electricity existing in tlif 
Dal subject in a state of eauilibriunif is made to ac'(|uire n 
ree of electrical tension, and that this constitute* the soiiroi* 
1 which it is supplied ; others again consider electricity and 
'ous energy to be identical. 

Soon after Galvani's important discovery, by which it 
was thought that the existence of a peculiar aninwl c^lec- 
tricity had been ascertained, Alexander von Humboldt, 
P&ff, and others, found that when the spinal nerve and the 
muscle of a frog's thigh were placed in immediate contact 
or were connected with an insulated piece of muicular HeNh, 
contractions took place in the latter just as if it had hi>eii 
brought into contact with dissimilar metals. In like 
manner traces have been detect^ of an electric current in 
living bodies* by connecting two remote portions of a nerve, 
or of the muscle belonging to it, with a very delicate gal- 
vanometer. 

Dr. Donn^ of Paris is one of those who seek for the 
source of this electrical excitement on the surfiices of the 
inner and outer skins, attributing alkaline properties to the 
former and acid properties to the latter. He made one cn<l 
of a platinum wire to communicate with the outer, and the 
other with the inner skin of the mouth ; within the circuit 
thus formed he introduced a delicate galvanometer, and 
fi>und evident traces of an electric current which answered 
Co this hypothesis. Matteuci, however, is strongly per- 
euaded that a current produced thus after the death of an 
animal, soon ceases, and that consequently it could not have 
been owing solely to the chemictd influence of the fluids 
transpired through the two skins. Wilson Fhilipp, on the 
tfootrary, diowed how in certain cases the functions of the 
oerres might be discharged by a hydro-electric current, for 

V 4 
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ELECTRICAL PHENOMENA OF VEGETATION. 185 

the needle, and partly by its magnetizing needles. Matteuci, 
ittid xxuH'e recently Linear!, have succeeded in getting distinct 
sparks from these creatures. 

lectricity seems to play an important part in the various 
B8 of the development of plants. Thus flashes of light have 
^ seen to be emitted from many plants in full flower soon 
' sunset on sultry days. It has further been ascertained, by 
ns of galvanoraetric experiments, that electric currents are 
-fated in the interior of their substance, although their inten- 
ts but small ; and that an uninterrupted development of elec- 
^ is maintained by the Exhalation of carbonic acid in the 
Ospbere, especially during the germination of the seed, and, 
Bed, throughout the entire process of vegetation. 

The luminous phenomena in plants have been most dili- 
gently noticed by Zawadski, who observed them to happen 
principally in orange-coloured flowers ( Calendula oflficinalis, 
Tropaeolum, Lilium bulbiferum, Tagetes patula and erecta) ; 
that they occurred most frequently in the months of July 
and August, and that the same flower discharged a number 
of flashes in succession. — Dr. Donne has performed a num- 
ber of experiments in the course of his investigations into 
this subject. He has found that in many fruits the current 
runs from the stem to the eye, while in others it flows in an 
opposite direction. Blake, who has established the existence 
oi these currents by similar experiments, thinks he has dis- 
covered that they run from the stems to the surfaces of 
leaves ; that he has verified their course to be as has been 
just said, by the chemical decompositions they effect ; that, 
lastly, the leaf itself is rendered positive, and the ambient air 
negative. — Pouillet has rendered essential service to this 
branch of science by discovering that positive electricity is 
given out from plants when germinating. This he ascer- 
tained by connecting some that were in this stage of vegeta- 
tion with a condensing electroscope. From his experiments 
he inferred that a surface of 1000 square feet would give 
out sufficient electricity to charge the most powerful battery. 
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S547. 

It li eridmt from all that liaa been advaneed in the pRoefif 
vMTtion as to the infliMiMy of the eleetrie camnt upon mgMtt 
needles, that the fonner acts upon the latter Uke a fiuee vM 
exerts itself laterallj, and, indeed, at right angles to thefioe tf ik 
(iirection. If this were the only foree in operation on die imA 
its axi« would neeeasaiilj take a position perpendicular t* ^ |j 
course of the current. But the noagnetie influenee of tbe flrth 
Acts upon it at the same time, and imparts to tbe needle itipi^ h^ 
po<ution . From the conflict of these two Ibraes an efleet i> F*** li 
duced which mav be estimated in the same manner as sot oAb I, 
compound motion v§ 3S.), and by which the different degiMi* 
which the needle is deflected may be accounted for. 

The only ca«e in which the pooation of the needle undogpcili 
change is when the magnedc current and the ''▼is diieelnx'* 
the eartli act in the same direction. The magnetic inteoa^ ' 
thw!i ci|ual to the sum of the two forces. When these foreisi* 
in opposite directions the resultant is equal to their difference. 
The needle i< either less powerfully retained in its normil P<|^ 
tlo!i, or it is completely turned round, when the magnetie a- 
tenvity exceeds the earth^s directing force: in this positifHiofw 
noodle the degree of intensity is measured in like manner (see i 
ill the preceding §). When the forces act at any angle whaterj 
thep.. by the law of the parallelogram of forces, the needle w8l 
ac({uire the position of their resultant. This is, of course, vB 
ease when the current runs parallel to the axis of the magnet (s* 
1. and "2. in the preceding §). 

Hence it is seen why the amount of the needle's deflexion If 
the passage of an electric current, either above or below it, id • 
(iirection parallel to its axis, is invariably dependent on thei^ 
subsisting between the above-named forces. As a general rw ] 
the greater the intensity of the current, and the less the "visffl* 
rectrix " of terrestrial magnetism, the greater the deflexion of ti* 
needle. If now one of these forces be constant, and we shall 1» 
sufficiently near the truth in assuming the earth's magnetic in- 
tiuence to be so at all parts of its surface, then the other force, «.«• 
tl;o intensity of the electric current, may be measured by the 
angle which the needle is deflected from its normal poation. 
Hence the propriety of using a masmetic needle, both as an index 
i») show the existence of an electric current, and as a measure of 
its intensity. It is almost needless to remind the reader of its 
application in the construction of galvanometers (§51 2 and 
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B, — Influence of Electric Currents on each other. 

§ 548. 

7o discovery in natural science excited more general and 
ly interest than Oersted's. The most distinguislied philoso- 
Ts throughout the world recognised its importance, and en- 
voured by repeating and varying bis experiments to trace still 
;her this extraordinary property of electricity. They hoped by 
ins of Oersted's fundamental experiments they should be enabled 
inravel the mystery in which the connection between electricity 
. magnetism had hitherto been shrouded. New facts were 
ght for experimentally which might serve as indisputable evi- 
ice of the identity of electricity and magnetism, or from which 
night be proved that both were merely modifications of the 
le fundamental force. Although the object thus earnestly de- 
id has not yet been attained, the active spirit of inquiry that 
been called forth has led to important and approximating 
elusions. Ampere, who considered Oersted's experiments 
m a point of view common to them all, selected the mutual re- 
on of electric currents to each other for the special subject of his 
estigations. He was led to the important discovery that, the 
trieities in a state of motion^ i. e., as electric currents ^ act aitrac- 
ty and reptJsiwly on each other according to a certain laWf in a 
Qner resembling the polar attraction (§ 474.) of statical elec- 
ity, I.e., of electricity in a state of tension. 
By means of his discoveries a connection, which might indeed 
'e been inferred from Oersted's experiments, was clearly shown 
subsist between electricity and magnetism. Additional im- 
tance attaches to these discoveries, as Ampere deduced from 
m a highly ingenious theory, in which the phenomena of mag- 
lisra were referred to electric currents, or in which, at least, 
! mutual influence of electricity and magnetism admitted of an 
y solution, and in which the various electro-dynamic pheno- 
ioa were collected into a whole. 

§ 549. 

Ampere found that the influence of electric currents on each 
ler varied with their position and direction. The following is 
I fundamental law according to which these different influences 

Fia 205 a. Parallel currents attract 

^' ' each other when they flow 

* in the same direction, as in 

fly. 205 a. where ah, cd 

• ' d are the cuTtcw\a, ^\io^m 
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Fig. SOB. two 

copper vim abed, 

'/ffi, suuid on the board 

\B; (9 the figure shuws. 



ineicury cups ; their mid- 
dle parts vUl therefore 
right angles to each 

wirea serve paitljas fiied 
conductors of the electric 
current, but principally 
as supports of the cir- 
culaiiog current. The 
moiesble conductor ia 
bent in the form of a 
lie square iiln and ikqo,- It is innibted at ■ and A by 
tion ia a piece of cork ; the ends at d aod A are fur- 
id with steel points; the battery is set in action by 
.ng these points in the mercury cups d and h. This 
uctor is complrtcly supported by the upper cup d, and 
< with perfect Ireedom upon its steel point. To render 
notion as free us possible from friction, it is well that 
■ottom of the cup d, on which the point rests, should be 
IBS or agate, while the other point is but just immcTsed in 
nercury In the cup A. To connect the whole of thLi 
ratus with the hydro' electric battery, two little arms 
on the wire at a and <, carrying binding-screws at their 
tnities. The apparatus may either be immediately con- 
d with the poles of the battery at p and st, or a gyro- 
may be used to effect this <*jeoL 

e by the ariowi, the part oq of the moveable conductor 
he attracted by the part a A of the hied conductor in 
li the current bas a direction parallel to that of the 
>T, but it will be repelled by the paitft where the cur- 
runs in an opposite direction. 

I perform another eiperiment which also depends on 
boie law of the attraction of currents flowing parallel lo 
other and in the lame direction, we may make use o(, 
h Sogtt'9 OKiUating efeciricai rpiroL — Fig^ £09- A 
t 4- . — -, not coiled very closely, of Itjin copper wire, 
that it may easily be compressed or elongated, is bung 
ally with its tipper end through the conductor wbicU 
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Fig. 210 i. 





angle whatever, tlien they must either ottFMt or npdl.iiAi 
The former will eiMue if both currents flow towards, or jta 
angular point as represented by tho arrows in fy, ^lO ^; ^ 
one current run towards the angle, and the other froaiiisiij 

SIO h, then they will nipdL 
both these eases Uie tcndoiey 
spoken of is seen in operatioB. 

If two rectilinear carrentsa K *< 

Jig. Sll. cross each othor, thai 

the preceding case they will < 

each other between tfao 

angles x and y, and repel 

and w. The result will bo that 1 

conductors will endearour totikci 

J^ ^^ a position in which the currents 1 

y^yr^ ^^ ^P^, through them may Imi?s 

similar direction. 

Sxpt, To TeriQr tbo 
ness of this assertion, vm 
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'floating current described in the preceding iiection and repre- 
salted in ^g. 206. and bring to it the fixed current y?^. 207. 
to which such a direction is to be giren that it may answer to 
the several cases given above. 

If, however, the reader prefers using Ampere's apparatus, 
hang in its cup the conductor i kino, fig, 212. and bring the 
stable conductor so near to the under side of the rectangle k I 
that the direction of its current maj make an angle with k I. 
The conductor represented in fig. 207. will do, or that one 
of stout copper wire represented hj qrgt u in fig§. 212. and 
212 a. through which the stream takes its cour^ in the 
direction pointed out by the arrows, this conductor l>eing 
used as shown in both the figures to connect the battery and 
set it in action. 



Fig, 212. 



Fig. 212 a. 




Fig. 213. 



In fig. 212. k I and a t will be attracted : in /^. 2 12 a. they 
will be repelled. 

To test, by means of this 
apparatus; the influence wiiich 
cross currents exert on each 
other, it will be necessary to sus- 
pend the moveable conductor, 
fig. 213. in the mercury cup 
and to place under the lower part 
of its current k I cither the con- 
ductor fig. 207. or one of the 
conductors ^sor r sfig, 212. iu 
such a manner that the direc- 
tions of the two currents may 




cross each other. 



o 3 




In like manner if the circular conduclor JIf. 9t 
pendt^J in the cup it will acquire inch a p«itioi 
current flowinic in the lower part of the ring D»y 
direction equal and parallel to that of Uie curte 




needle 



r needle c d runs, vith a 
• vhich nre of steel, are h 

and tf. w- 



,ngh i 



filW 



reacli the mercurj, and which c 
hand. The current runs from the binding-screw 
trough, thence through the two needles into the i 
returns from m to the battery. When the needle* 
position given in Jig. 215b. repulsion obtains; i 
pvaltioa is that represented at^. 215 i. attractior 
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soon as theanglee r J is dimiDisbed bj turning round the wire 
e/ which' conducts the current. 



§ 551. 

"Two currents following each other in the same direction, as 
^o the different parts of the same cun^ot, repel each otlier. That 

this effect must necessarily 
Fiff. 216. arise follows froni the phe- 

nomena explained in the pre- 
ceding section ; for so soon as 
the angle between the currents 
a b and c d fig. 21 6. becomes 

t ^ - b c "* — d very obtuse, 6 and c r^pel just 

as if a 6 and c d were in the 
me straight line. 

ExpU Ampere has endeavoured to verify this par- 
ticular case experimentally by means q{ the apparatus 

represented in fig, 217. It 
Fig, 217. consists of a long rectangular 

box AB, divided by a non-con- 
ducting partition c ^length wise 
into two parallel cells. To 
render the insulation perfect it 
is advisable to wash these com- 
partments over with a thick solution of shell-Iac. Connect one 
of them a with the positive,'and the other 6 with the negative 
pole of a common battery ; place a copper wire covered over 
with silk tfg Aon the mercury as a circulating conductor, this 
wire must be so bent that it may reach from one cell over into 
the other : its two horizontal arms will therefore run one in 
each of the cells parallel to the partition, the ends of these 
arms are slightly bent downwards, and thus the battery is set 
inaction. At the moment when the circuit is completed, the 
floating conductor may be seen to move forward on the sur- 
fiiee of the quicksilver, from the poles a and h. 



§ 552. 

If two fixed currents of equal intensities flow close together 
nd parallel to each other but in opposite directions, as in fig. 
18 A. then their combined influence on a current moving freely 
I mJU^ that is, they exactly neutralize each other. The same hap- 
•ens when one current circulates round the other in the manner 
epretentedin>S$f. 218. B. 

o 4 
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Exft, TbctnrthofdispraBaifingiauibtff 
bete^ed bjamdiiiganiimttalpBgcappaviH^ 
bent in tlw fimn ibofwu in fi§- S18. kwk\ 
taking emra in bending the wire tfait v^ 
pert! of it sball touch ; dun and t cimi' 
through a moveable eondnctor, and P'*'^ 
two so that one or other of the iboie-i«>* 
actions may be everted wa the free ranciA » 
will be seen that the action of the lattcreoi- 
tinncs unaltered. 



§ 553. 



Fig. 219 a. 
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If a moTcablc electric current, a, h {Jig. SI9 a. and iX"** g|. 
in a direction at right angles to another whirii is fixcdv^v* 



t^i' lattor will act attractively on one side of a 6 (by § J^Cfc 
rtMil ropulsively on the othor. If the current, a h flow ffO^ • 
ns in/(7. i>19a., then its force will be exerted from r and «^ 
tlio point n of tlie moveable conductor, as shown by the •'J'^ 
n r an<l n p. Tbese forces will give n r as their r®*"^^*"**]**^ 
tho oiirront a h will manifest a tendency to move in the '^''^IJ^ 
of tho lixod current. If, on the other hand, the moveable *°''v| 
uh rtow towards the fixed one tt;e, as in fig,2\db. then 

Fig.2\9h, 
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■^e 



«;n >»ft\«^ *n opposite direction, and the free curre" 
' .t .fib/e current 
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tLis law of attraction and repulsion the rotatory motion of 
urrents about each other depends. For instance, if the 
t we (Jig, 220 a. ) be a horizontal circular current, then 

Fig. 220 a. 




e to 




e current a 6, which flows out from it, will revolve in the 
direction with we; but if 6 a flow towards u; e, as in 
h. then the direction of its current will be opposite to 
f t&e. Again, if a 6 (^^.221.), be a rectilinear curient. 

Fig, 221. 





Fig. 222. 



e o. revolving about the centre of the circular current, 
, then its rotation will be in the direction of the circular 
it, MP hen the current a b runs from the circumference towards 
Qtre, as it does in Jig. 221. A ; but if it be transmitted from 
Dtre towards the circumference, as aft (Jig, 221. B),then it 
ivolve in a direction opposite to that of the circular current. 

In like manner, but in a lower 
degree, there will be a rotation of 
the current, a b (Jig. 222.), if a 
rectilinear current E. W., be trans- 
mitted near to it. a h will in this case 
run, as is indicated by the arrows, in a 
direction parallel and similar to E.W., 
the currents will therefore attract each 
other, and 6 will be carried to Vy on 
arriving at this point, abf \a repelled 
by £. N. and is attracted by N. W. ; the 
free conductor a V will consequently 
mo^e on to 6" ; wYieu \t \aak xeai^'^^ 




I and E. W. j on inlTUig at V" il i> agiln itfBW' '^ 
E.N., uiil thus the current « b U maintained In t. tanim'-'*'^* 
' n. irthe itableunlini'ited current E.W. run baa'^"^', 
ifreecurreiit tw to theM. oftlieolber.theniul'^'^ 
in/s. 3SS. ihowi, il will turn about u in the ilitKl>°°' 
the E. tbrough the S. to the W. aad bo on, Mkn Ibe tiwd' 

There is a great variety in the apparatus vbicb '"'^ 
oonatructcd to giie this rotalory movement to » "iff 
conductor b; means of an unlimited rvctilliiesr ur "< ^ 
euneol : we ihall now proceiHl to descrihc oolj » ft" 
best and sjmpli 



FiritExpt. Jlolm 



<f^ 




ralu<. It consist; of an amalgamated nine cylinder Z _, 
which is soldered a iiUm Z C of copper wire, t9irr;iiig<^jj 
summit a small mercury cup C. The base of the eup i^J 
beofagate todimiDLshfriDtiani on it tcsls B thinHI'^ 
wire habk, supported by a steel point p, this ftame Wj**, 
a copper lone. The zinc cylinder vith this rotadng ''^ 
duotor is placed in a glass of water and sulphuric •jU 
The whole, thus arran^d, constitutes a simple hjAti>-ii!^° 
battery, in which the current is transmitted from the 0*^ 
cylinder through the liquid conductor lo the ring "f «°g^ 

by the arrows, and pasilng through the steel point t> 
returns again into the zinc cylinder. 

Now lay on the upper edgeof theglaw thecoilM.wlii*'' J 
made to fit it exactly; join its ends (+ — ) with the ?"'".£ 
a constant battery, and the current which a^cenda reitiw'' 
will rerolve in the same direction as the current that pi** 
through the coils of wire. 

Substitute a copper cylinder (or the zinc one Z, "1^^ 
amalgamated unc ring for the copper one ; the curreDt *" 
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e arms ak,bk, and the direction in which the 
'olves will be reversed. 

pi. Rotation of a moveable horizontal current about 
I circular current, — The apparatus described in 
l experiment will do to perform this also ; the 
on required will be to give the zinc or copper 
a very short conducting-wire, so that the current 
horizontally either from or to the coil of wire ; 
n by the arrows in ^g, 223. N ; the direction in 
otation will happen depends on whether the 
from or to the coiL 

bed to excite in the moveable conductor a more 
1 lasting current than the simple battery we 
Kiribed is capable of generating, then combine 
s on the principle of a DanielTs or a Grove's 
ery, by separating the electro-motive metals by 
)rous earthenware cell, which should be inserted 
'cssel, and then add the appropriate liquids to 
metals. 

jt. notation of the fluid conductor about a cir- 
— The fluid conductor may be made to take 
he solid, i. e., if we have no metallic conductor 
described in the preceding experiments, then 
elf will begin to revolve. The same apparatus 
is case also, only substituting for the moveable 
flg. 223.) an open cylinder of the same metal, 
to the glass vessel. Fill it with any suitable 
ure of liquid sal ammonia and muriatic acid is 
r recommends ; and to increase still more the 
the current, a solution of sal ammonia may be 
•y on the copper cylinder) and the current will 
e zinc cylinder to the copper ring, i. c, it will 
the centre to the circumference. Now surround 
h the coil of wire M, whose ends are to be con- 
he poles of a simple battery ; on connecting the 
Ruid will revolve agreeably to the laws with 
e already acquainted. Its rotation will be still 
tly shown by placing small floating bodies on 
f the liquid. 

rpt. Rotation of a horizontal current by the action 
of unlimited length. — This phenomenon is ob- 
bringing any rectilinear conductor, e.g., one 
galvanometer frame {fig, 207.) to the horizontal 
e second experiment. 

/. Rotation of a circidar current by the action of 
>rizontal current. — This is Savart*s interesting 
the second experiment, in which the circular 
te multiplying coil is entirely dispensed with. 




pended by « 
i k tM pcActlj fin n»u 
Ac cootmy, is *Dlden<) to d, and doeeads lerlietB.} 
■wttoiai cup ■ of awrcury. Id the centre of the tn 
the venial bar-nngiHt ■. ■ magnetued sewing-iRci 
■Bswer ibe puqiov, fiuaened inlo s cofipB tube, wbi 
tbtwi^ the booom of ibe TcsfieL A smaU gloss be 
filed to the Old of the vire it. that it nuv not come 
tart iriih the nugiiet. Al the bottom of the cup 
nu^lTwiued sewing-needle ■■, altacbed by a fine Ui 
platinum, but stiU witb room to pUy ; by mewu of 
ipinl of platinum wire, vbich can be pusiied ou Is 
needle may be made to swim lerticalty in the n 
Tbe apparatus is oonneded with the poles of a e 
battery by the binding-screws c and i, from irhidi 
wiles run so as to connect them with the (wo cups i 
Wben the battery is thus set in acdon, the eutieot ei 
through the coDductora as npreaeoted in the fy, 
arrows, and the north poles of both the magnets arc 
upvards; the movtable conductor * Ifaerebre remlvi 
the pole a of thai mi^net in the same direction at til 
ofa watch, whilst the pole of the magnet m lums il 

trary direclion around the filed conductor ( Ret 

diteclionofthecurrent, or place the S. poles of tbei 
uppermost instead of Iheir N. poles, and the n '"" 

-be inrertGd also. 

Third Expt. RoMie<i of a ,„_^.._ _^_ „ 

'^. S33. n^MSUU B (iiapla appatMua by wlu 



lesoftbei 
the rafl 

«lu^^ 
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this experiment. It condsts of a glass tube a b about three 
bches long and one inch wide. Its lower end is closed with 

Ft>. 233 a. F;«7. 3336. 






a cork, through which an iron wire passes, projecting 
slightly beyond the cork, and terminating in the point e. 
The lower end of this wire is soldered into a copper plate 
which is connected with the binding-screw z. In the upper 
end of the tube is inserted a copper ring 6 d, which is con- 
nected from d externally with the other binding'Screw. The 
glass tube is then fill^ with mercury up to the ring, and 
the little bar-magnet a n, rounded off* at both ends, is im- 
mersed in it till it touches the iron pin e. One half of the 
magnet will therefore rise above the level of the mercury, in 
which, as it touches the iron at a single point, it will have a 
perfectly free motion around its own axis. Next connect 
the binding-screws with the poles of a powerful constant 
battery, and the magnet will begin to turn about its axis. — 
If the current proceed, as it is represented in the figure, 
from the copper ring db to the magnet, its rotation will 
follow in the direction of the electric currents which surround 
it. Reverse the direction of the current, so that it may pro- 
ceed from the magnet to the copper ring, and the magnet 
will turn in the contrary direction to the currents which en- 
circle it From Ampere's law about the action of electric 
currents on each other (§ 533.), we should have inferred 
that these must be the directions taken. See also fgs. 233 
a. and b. 

Fourth Expi. Schweigger's rotatory apparatus^ in which 
horizontal currents sent through the pole of a magnet impart to 
it a circular motion, — In Jig. 234. ^ A is a section of a 

wooden gplane in which a 



Fig, 234. 




p 2 



circular %ough 1 1 is cut to 
contain quicksilver. Through 
the centre of the plate the 
copper wire u; passes, the ex- 
tremity of which is furnished 
with a steel point. On this 
point a copper needle n a 



^»-— BAELOW's WHEEL. 



-•wis. PJact t 
'**'^ , isal^mutt 

^ ^vei: on 

^ "*■ ^ / . i'3. N. J. o: 

, ^ ^^ »-.., eopper bucket. 

L ' pour H mixturt 

1^-. "ic acid to 4 or *> 

zhe current wiil 
* mple batten- from 

binder to the zinc 

A\ run from its iioint 

f, in the horizontal 

V copper handle which 

"Nw ::onductor. eccentrical} v 

• 

- ; thence it descends in 

- of the conductor parallel 

' . JOB the zinc ring tlirough 

% whilst the currents which 

•.- xna^et, flow horizontally. 

.ves, therefore, about the N. 

. ; that about the S. pole from 

. therefore, turn in directions 

the currents of the macmet. 

>el use a similar one of zinc and 

substitute one of copper, one of 

.r still, and the current will ascend 

or, or handle of the bucket, which 

.if the magnet and the rotation will 

direction as that in which the cur- 

lagnet. 

els be large enough when laid on the 

ove freely round it, and if they also 

* poles upon steel points, they will 

e magnet be a sufficiently powerful 

th which we are already well ac- 

ill be contrary to that of the rings. 

; rotating wheel between the jxtles 

— A light wheel of thin copper 

notched like a star, runs on 

!Ui axis terminating in points 

which rests in the sockets of 

a fork afr of copper wire, the 

wheel may be almut .') or M} 

inches in diameter. Under the 

) wheel is a groove </ in the 

p i 
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appears that the part of the current which inclines tow 
terrestrial equator flows from £. to W. whilst that n 
turned towanb the pole runs from W. to £., or in othe 
that the current as a whole takes such a position as the 
supposed to exist in a dipping-needle has about its aiis. 
ExfL Such wi deetrieal dipping-needle or 
torium* may be eonstrueted thus» according to £ 

Jfy.S4a Procureal^ 

finmie, c6c<lwfaidi b ] 

with two common sewing 

oand f, that senre as 

•bout which it can tur 

Wind copper wire eovei 

silk several times tin 

fimme in the direction a 2 

let one md hare a mets 

neetion with tiietrunnio 

the odier with that at 9. 

trunnions are now to he 

tiie bent parts of the metal stems pr and mt, « 

widened out into little stages r and t, and an 

polished ; the centre of gravity of the apparatus is 

arranged that the ft«me may take a horizontal positic 

place the whole so that the axis of rotation may sti 

pendicularly to the magnetic meridian, and com 

binding-screws p and tn, with the poles of a powe 

stant battery, as soon as the current begins to flow 

the wire* the frame will take the position represent! 

Jig, To mark the position of the dipping-needle 

board needle « n may be fixed in the middle of the 1 

as to intersect the plane of the former at right angl 

A similar result will be 
with a common wire condu( 
241. insulated at x^ and pla( 
the ends of its axis a and I 
stages of Jig. 240. if a su 
powerful current be sent thro 
On account of their frict: 
sometimes difficult to insure t 
moveable conductors shall ts 
proper position. If the experiment described above 
fully answer, the fidlure is to be ascribed to the 
fricti(Hi, the same remark holds good with regard t 
of the preceding experiments. 



Fig, 241. 




THE aOLWttOlDf AV ILICTEICAL DimVO NEEDLE. 219 • 



5 563. 

£very solenoid possessing tolerably free motion and through 
which a powerful electrical current is sent, will (in consequence 
of tiie influence the earth's magnetism exerts upon it) take such a 
poaitloD that the circular currents which run downwards will 
flow from £. to W., and those on the £. side will run upwards, 
its north pole will consequently point towards the N. (see § 
554.), and its south pole towards the S. 

Expe, To show experimentally that a solenoid has a 
tendency to acquire the polar position just spoken of, and 
to rest in it, hang one, fig, 226., in an Ampere's frame in 
such a manner that its poles may stand £. and W. When 
in this position send through it a pretty strong current, it 
will begin to turn, and, af^er a few fluctuations, it will settle 
down in the polar position. 

The same result is obtained if the floating solenoid be 
used, Jig. 227., only the electric current must be strong enough 
to overcome the resistance of the fluid to the motion of the 
apparatus. 
In like manner a solenoid capable of revolving about a hori- 
sontal axis passing through its centre of gravity and at right 
angles to the plane of the magnetic meridian, will necessarily take 
a position coinciding with that of the dipping-needle, because the 
, whole of the currents circulating in it are at right angles to this 
direction ; they therefore as a whole, coincide with the position 
which each single current takes. The greatest practical diffi- 
culty consists in so constructing a solenoid, that it may have the 
perfectly free and easy motion that is indispensable to the success 
of the experiment. 



§ 564. 

The assumption that electrical currents circulate about the 
earth is consistent with the directing force they appear to exert 
on magnetized needles. For since by Ampere's hypothesis a va- 
riation needle may be regarded as a solenoid (§ 557.), it will take 
the same polar position as the latter, when the electrical currents 
supposed to exist in it acquire a position exactly opposite to that 
o4 the currents which flow in the magnetic equator of the earth, 
u e., they will flow exactly opposite to each other. This can 
bowever be the case only when the north pole of the magnet is 
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that the electro-magnet retained for a length of time a 
able suspensive power (about half its full power) ; but t 
keeper were detached, the magnet entirely lost this pow( 
nus further discovered, that electro-magnets acquire tlu 
ordinary suspensive power only when their keepers are c 
with them ; it is the magnetism excited by induetki 
keepers that imparts this power, for when the poles are 
connected they are scarcely able singly to support th< 
of the keeper. 

Several philosophers have attempted both experimen 
theoretically to ascertain the laws on whii^ this saqMnd 
principally depends, and by which it may be determine 
vestigations of this kind were first undertakoi by Feefa 
Negro, and Bitchie; they have subsequently been a 
more fully by Jacobi and Lena, and most recently by Fl 
main results at which they have arrived are dEie fiiUowii^ 
1.) The amount of the suspendve force is immediatdjf 
ent on the intennty of the dedtrie eurremi whidtk eirsultl 
the iron ; and it has hereby been ascertained, that the : 
of the magnetism excited in the soft iron w eacoe^ /w 
to that ofUie deetrie current 

By Ohm*s fundamental law the intensity of the 

may be estimated from the magnitude of the electii 

* force, and the degree of resistance to conductian thi 

be overcome (§511.)^^ a short stout wire of gc 

ducting power, such as copper. It depends, ther^ 

cipally on the quantity of electricity passing thro 

helix ; consequently, on the area of the electromo< 

on the absolute force with which it is excited ; if t 

be long and fine, on the density of the current, axu 

number of members in the battery. 

2.) If the intensity of the current continue the same, t 

net's suspensive force increases with the number of tur 

by the wire; or, the toted effect of aU the coils is equal U 

of their effects if taken singly. 

3. ) The attractive force of an electro-magnet increase 
mass of the iron composing it ; and this increase is pro 
to the diameters of the iron cylinders, their lengths hnng eq% 
4. ) The structure of tlie iron itself greatly modifies its in 
and, in fact, the purer, softer, and more homogen&ms the 
stronger the magnetism it is capable of receiving. 

5.) Lastly, it has been ascertained that, the form of 
of irony or of the electro'magnet, influences its suspensit 
Cylinders were found to carry greater weights than rec 
bars ; and a hollow cylinder, from which a portion had 
a\yay, so that it formed (Jig, 245.) a long horse-shoe 
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The follooing <rantrl>uiatf vill be found conv«iient 
estimating in ■ simple manner the suspensive force of 
electro- mflgoel, either by weight or by human power of tr. 




The horse-shoe N J S [_fig. 2i6.), which stands verlically 
in B wooden foot, is fastened so that its arms point upwards. 
The manner in which the copper wire is coiled about it h 
seen from the figure. The ends carry two binding-screws p 
■nd m, which are either connected immediately with the 
poles of a battery of two elements, a carbon or platinum 

commutator (fig. 203. § 546.). The different coils of the wire 
are insulated one from another by winding them so that they 
do not touch at any point ; they are insulated with regard to 
the iron of the electro-magnet either by surrounding the latter 
with B silk band, or by coating it over witb gum-lac vHmish. 
The feeder A, which consists of a cylindrical piece of soft iron, 
is so fastened to the unequal armed lever ecb that it move.E 
at a sbort distance above the poles, whose faces are slightly 
hollowed out. The feeder having a free motion in this po- 
aitioD, can be brought down so that its cylindrical surface 
just fits into the cavity of the poles beneath it A stout 




■ ifAiiMi' 
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bar* bna aud« c/tbaw^BJu; Ibnn b]r Ji 

f^. MS. repreacDts odc of Joulo^ wUen wd^v 



§ 569. 

If m neliliaear decoo-raigaei be nsde t 
plane about iaj centre, h will «Et io iba i 
clioation iMwDe, or a mlaioid; that is U 

polai poaition. U" oo iti attuniog llu> nt 

its vire be rertTsed, Ae poles of the UH^iwt viD iBitmlr ' 
lened, and tbv consequence will be ttiM it wEIl begin to W^ 
ia onieronm mur« to regun iu polar podtion, no attuBing*'''* 
its magiwtitm beeonies again cbanged, and bttiea a perpHal"' 
tation of the magnet about its middle. Tlui rotator; iimt0^ 
which in tbe e»e nippooed irai owing entirel; to the iDt*** 
of the earth*! raagnetom, roaj be rendered more Tiolmt bj «■*■ 
ing the unraijiag pales of a cantmon magoct, or of an elKf*' 
magnet, to »ct upon tboK points of the revolving one wlien*' 
change m tbe turrent takes place. According to the law" 
magnetic polarity there arises fiist an attraction ^tween disoioi''' 
poles; as soon as these, b; Ih? change in the current, be«<<" 
similar there ensues > powerlVil repulsuo. Tliis allemalc acD" 
is maintained so long as the continuance of the electric mf^ 
keeps up tbe tempoiar; magnetism. Ritchie, who in 1B39 in- 
vented these rotating migneu, first entertained the idea of ai^I' 
ing this rotation as a motive power to machinery. 

Fig. 247. and Jig. 247 a. pie a vertical and a hirdVej" 
view respeetivelf of an apparatus of this kind, which, benda 
generating a routory maTement, may be used as a coata* 
breaker. S N ii a common horse-shoe magoet, with Iti p^ 
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ipermost: n«c is the small electro-magnet, which turns 
out the vertical axis edf whose point rests in a depression 



Fig, 247. 



Pig, 247 a. 



Fig. 247 b. 
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the screw m : the poles n and s of the lesser magnet arc 

a small distance from those of the great horse-shoe, who^e 
>les S and N pass through a wooden circular plate ; between 
ese poles the two halves of a copper ring are let in, so as 

be insulated at jf and j^ by two partitions of wood or ivory, 
tiich part them asunder. From these points conductors 
e carried through the wooden disc, ending at its cir> 
imference in binding screws at p and m, by which the half 
iigs of copper are connected with the poles of a constant 
Lttery. These two copper plates^ acting now as the poles 

the battery, are put in contact with the ends a and b of 
e helix of wire, and thus the current circulates about the 
ectro-magnet To insure a complete metallic contact be- 
'een the points where the current passes off to the wires, 
id at the same time to reduce the friction to the utmost, it 

best to attach to the ends a and b some extremely fine 
atinum wire, twisted so as to form a fork (^g, 247 b. ), 
d trace over the copper plate, which may be either amal- 
imated, silvered, or gilt. At the instant when these fine 
Ires cross the bridges /and g, and touch the other copper 
ate, the poles of the electro-magnet are reversed, as is 
iderstood readily from the remarks already made. The 
itition z which projects above the copper plate, and which, 
ze those at /and g, miay be of either wood or ivory, would 
sure that the current should be interrupted every half 
solution. 
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§570. 

Many philosophers and mechanicians, in both the old and new 
world, were induced, from a consideration of Ritchie's rotating 
c*lc'ctro-magnet, to investigate, both practically and theoretically> 
how tar electro- magnetism would be available, if applied as a 
inoti\e power to machinery. 

The principle on which all machines act that are set in mntiiM 
by elfctro-maynetism, is mainly the great attractive force exerted 
by the dissimilar poles of an electro-magnet, and the subsequent 
clianp^e of this attraction into an equally strong repulsion, when, 
by the change of the current in the spiral, similar poles are made 
to act on each other. — We are indebted to Professor Jacobi, of 
Petersburg, for the most complete and varied investigati(His, bodi 
■)f a practical and theoretical nature. 

A machine was constructed, according to the laws de* 
veloped by Jacob! and Lenz, in 1831» its useful efleet 
amounted to between J and 1 horse power (§ 421.). 

In consequence of what has already been ^ected, theie 
machines possess a great practical interest, and since experi- 
ence has ever shown that discoveries of this nature are doC 
brought for years to the highest degree of perfeetioD d 
which they are susceptible, every unprejudiced person wHl 
look with satisfaction at what has already been accompUshedi 
and as the existence of this force is fully established, the 
hope may reasonably be cherished that further investigatioD 
will enable us to apply it more extensively. Whether this 
new motive power will ever replace steam, as many luwe 
confidently asserted, we are not yet in a condition to tKf 
positively : before that can happen we must be enabled to 
generate electro-magnetic force of any degree of strengtii 
that we please, as we can steam; it must possess the power of 
imparting to machinery every required velocity ; it must be 
capable of being regulated as steam power is, at the pleasure 
of man; and could even all these requisites be complied 
with, and though it possessed the advantage of involving do 
risk of life in its controul, there would remain one import- 
ant element to be considered, viz., whether its economieil 
effect, t. e. its useful effect, when compared with the cost rf 
generating and working it, exceeds that of steam. 1^ 
main point would therefore be, that we should find matcriais 
for generating this force as abundantly supplied as those bf 
which steam is created : for with the present construotioo v 
electro-magnetic machines, and with the materials now used 
for producing the force, it is out of the question to thin* 
that it can be substituted for a fraction of the many million* 
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of horse power represented by existing steam engines 
(§ 420.). Whilst penning these lines, the recollection 
involuntarily forces itself upon my mind of the illusory 
anticipations, formed but a few years ago, that steam power 
was to supersede gunpowder (§ 420.). 



II. MAGNETO-ELECTRICITY, 
OR THE INDUCTIVE INFLUENCE OF ELECTRIC CURRENTS. 

A. Electric Currents excited by means of others, 

§571. 

Af^er the electro-magnetic discoveries had established the fact 
that electricity, in a state of motion, possessed magnetic proper- 
ties and exerted a magnetizing influence, the natural conclusion 
was speedily drawn that, conversely, magnetism would call fortli 
electrical phenomena. 

Now, as according to Ampere's theory of the nature of mag- 
netism (§ 497.), magnets are assumed to be bodies about which 
dectric currents circulate, the next thing to prove was, what 
influence such currents would exert on other bodies in a state of 
electrical equilibrium. The investigations on these points led to 
the following results : — 

1.) Mlectric currents act precisely as electricity in a state of 
tention would act on conductors within the sphere of their influence^ 
that is, they by induction excite currents again in these bodies. The 
diectric currents thus generated are called induced or secondary 
eurrentSy whilst those which existed originally are termed the 
hdwing or primary currents. 

2.) A secondary current will be elicited in a closed metallic con- 
dnelor, when brought near to or when removed from a current 
obready existing^ also when an electric current is called into existence 
» is tnupended in its neighbourhood, 

3.) These secondary currents are only of momentary duration, 
fohenasihe primary are permanent, 

4.) 2%« secondary current which is first generated, viz. that 
tfhi^ if formed by bringing the uneiectrified conductor near to the 
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fr M.'iry eumtd ka» the opposite direciiom io ii^ w kata t ti 
it- jiHol ome^ wkiek Ufanmtdhf tkt r emoct d or 9wt^pt%vam o| 
f:^iry cy^TTtnk^ kma lAc same drndiom with t#. Henee i) 
tliat th« sevondary currents always hare the oontiary dir 
that which a current in the undectrified conductor m 
lod to cause their approach or recessioo. 

Further resevch showed that a secondary current i 
Ix.'vn elicited by a simple or rectilinear primary one, 
iiad but a small intensity, became much more powerful i 
^'onductor of the primitiTe and that of the secondary 
wore coiled under each other in a qiiisl form, beeaus 
ir.eaiis the single force was multiplied in the same man 
■.i galvanometer, §§ 513. and 547. 

The brief duration and the small in l i en aitj of 
excited by induction, caused them to bn so long ov 
by many distinguished men of sci c t iee . Panday 
first who, towards the dose of the year 1831, diseoi 
laws by which the inductive influence of liictriB a 
governed; their existence he proved by increaal 
effect through using a great many coils of wtie. 

This distinguished philosopber ende a vo m red to 
for the brief duration of tiieae currents agreeably to 
of the induction of electricity in a state of tens 
(§§ 478. and 483.). At the moment when eleetri 
librium is dUturbed by a primary current in a ck 
ductor, it will attract one electricity and repel tl 
Thence two currents arise, one running in the 
direction to the primary current, the other in t 
direction with it. Now the latter, by the laws o 
currents (§ 549. ), will be attracted by the primary 
its action will be thereby suspended whilst the o 
move on with great velocity. The induced cc 
during the continuance of the current which acts 
in a peculiar latent state, called by Faraday the el 
state, resembling a conductor put in a state of tc 
induction. When this condition terminates, the 
that had been held back so lonj^ as it lasted is set t 
and moves in the direction of the exciting current 
The following experiments will display the crt 
these secondary currents, their brief duration, and 
regulating their direction. 

First ExpL Two fine copper wires covered i 
will serve as conductors of the primitive and a 
currents. Coil both under and over each other 
wooden cylinder in which there is a deep groove 
the entire number of turns may amount to several 1 
//y. 248, represents one of these induction spirals \ 
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Fig. 248. Fig, 249. 






are the ends of one, c and d those of the other wire ; and 
that the ends of the respective wires may be readily distin- 
guished, it is advisable to cover them with silk of different 
colours. Connect the ends of one wire, ex. gr, a and h with 
the poles of a powerful constant battery, then the current in 
this conductor will circulate close to the other conductor 
without being able to pass over into it The second wire 
will accordingly serve as the conductor of the secondary 
current, and that the effects of induction in it may be readily 
seen, connect its ends c and d with a galvanometer. At the 
moment when the battery is connected by means of the first 
wire, the deflection of the galvanometer needle shows a 
secondary current to have been elicited in the under wire. 
If the primitive current in the first wire go from a to &, the 
needle would show that the secondary current had gone 
from d to c. Afler a few oscillations the needle reverts to 
its original position, thus proving that the induced current 
had ceased to exist. Interrupt the primitive current by 
breaking the connection of the battery, and the needle will 
instantly turn in the contrary direction ; showing the exist- 
ence of a current in the under wire flowing from c to d, in 
the direction therefore of the principal current whose action 
had been suspended. 

Second ExpL To show how secondary currents are pro- 
duced by bringing one conductor near to another and by 
withdrawing it, the latter being traversed by electricity, it 
will be necessary to use two separate induction spirals. 
The inducing spiral whose ends are connected with the con- 
stant battery, consists of a wooden roller on which are 
several hundred coils of copper wire about one line thick, as 
shown in Jig. 249. A ; the wire is covered with silk. The 
other in which the secondary current is to be generated 
consists of a similar wooden roller. Jig. 249. B, hollow in 
the middle and large enough to slip over the other. It 

Q. 4 



uiB tome 1000 n niM« coils of Kitr «pp<^ viRCi* 
owr with filk 1 it» ends are connected iriih 4 k»1«bii«i''' 
The phanmciw d»eribed in the preceding eipeimi* I 
OBcur TbMi the wcond tpiral it tbnut oier Ihe oibtfi^ 
when it IK detached from it. 



I Saofi •ftet the diMOiery of Iheie uxonitij eunenli rt •• 
I was to be anncipated. that they produced ool Dcn'T 
c but also phf nological and luminous pbeDomenli Ij^ 
leetricil currents : an account of Iheii altrmUe kum 
Tt oo ebemical influeDce. To render their phjsioliiffW 
1 the human IVame perceplible, there must be 4 »[* 
•n of breaks in the primary current ; this may be Eot^Hd 
_.iing a conuwt breaker in the circuit. 

When a frig's leg was connected with tbe ends of U* 
iniluced spiral, contractions took place on each opening 'O' 
closing of the battery. ^Mtks nlto accompsnied euha 
these changes vhen the amalgamaEed ends of the wires ^" 
brought togetbcr- 

To uiagneiiie a steel needle, place it in a spiral niejiB 
' !n a pcmuinent bydro-electric current is used, it 
( this spiral being connected with those of the iodo"' 
apiral. Only one of the seeondary currenu shonM ba 
allowed to pas; through this conductor, or else [be miVtHW 
influence eierted by the one current will be annihil '"" '' 
at least impaired by the other which Rows in ■ c 

I A shock may be rccctTed from 3 current pioceeiliiigft*' 

one element of a conataot battery, if the metallic ends of Ac 
spiral in which the secondiuy current is gei - -■ -" 
grasped with wet bonds, and the effect will be 
if the ends of the wires are liimished with such condiwM" 
aa we have described in expt. e. § 515., and 
is to meirc tbe shock holds thes; instead of . _ 
With the common voltaic current a pUe of at least *I«I 
pairs of pistes is required to produce ■ shuck ; tbe "i"'^, 
of the single battery is in this case rendered more plivt>'" 
by being transmitted through repealed coils of tbe 



these 

3 



i 573, 

_ivery electric current, on the connciion with the baW^ | 
brotea aad renewed, excites a special curr 
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» 

'. Faraday attributes this to an inductive influence 
! coils of the same spiral exert on each other : the cur- 
produced he calls the extra-current. The extra-current 

on connecting the battery, like the secondary current, 
;ontrary direction to the primary, the predominance of 

therefore neutralizes it ; that whicb ensues on breaking 
;xion has the same direction as the primary current, 
larkable for the efiPects it produces, being distinguished 

by the intensely bright sparks and the powerful shocks 

r. 

rst Exjit. Connect the mercury cups at the poles of a 
le but strong voltaic battery (best of all of platinum or 
>n), by means of a short copper wire ; on breaking and 
ving the connexion a very feeble spark will be obtained, 
f the poles are connected by the long wire of an indue- 
spiral each time the ends are inserted in the merqury 
and are removed from them, a vivid spark and an 
>le report will be observable. 

•iond Expt. Connect the poles of the battery with the 
llic conductors which are to be grasped in the hands, 
he nerves will be affected each time the connexion is 
lished and broken ; but the intensity of the shock will 
icreased within certain limits in proportion to the 
)er of turns in the helix of an induction spiral inserted 
^en one pole and one conductor. 

»th the luminous phenomena and the electric shocks 
•endered more forcible by interposing any contact- 
:er ; the sparks are remarkably brilliant if a Ritchie's 
)ry electro-magnet {fig, 247. ) is employed. To obtain 
ipid succession of shocks the contact-breaker must be 
inserted in that part of the conductor 
Fig. 2.50. which is between the conductors that 

^ are held in the hands. Fig, 250. will 

>Y^ render this arrangement more intelli- 
gible ; £ is the battery, S the spiral con- 
nected with one of its poles, B is the 
contact-breaker, and C C are the con- 
— p I ductors. At each interruption the extra- 

« k current runs firom the conductor through 

' 11 l|^ the human body. 

V,^ When the current is interrupted and 

renewed with sufficient rapidity and con- 
lee, the extra-current, as Faraday has proved, exerts 
lal, chemical, and magnetic influences. 
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B. Etatric OarttOi gemtraled by itagneti- 

§575. 

It ms to be eip«cl«d ironi ihe diacoveria made ■■ 
inductile influence o( electric curreats, th^ if Ampen'i b^ 
thesis were correct, mignrl* irould produce cfiGCta ttricltj ^ 
li>)niu" to thOBe display^ by an ioduBtion ijHnl, throuj^^'' 
there flowfd a itieam of Tollaic eleclriuty. The expir"^ 
performed to e^^tablisb this point h«ie fully pnned it. _^ 

Ivft on btimg hnntg/it nmr (o, ontf m (winif Ttmaeed from lit ^' 
Whih tht mastet it at rat, and near to the onuItKter, « nf^ | 
piTcrjilibk U lie lattir. These necondaiy currents h»te the """ I 
dircclioiii u thej would have received from a magnet (S 5^-} 1 
accordiiiR to the fundmnciKal Ian of the iuduetion of d'^' ] 
eiitrtMs {^ 57l.),btaed oa Amp^re'a bypotbeua. 

Our first knowledge of the eiiuenee of dwaa ■"^T, 
dtclric eairmrt, u they iiave been called, ia due to I^*^!) 
»-h(i discovered them towards the close of 1831, ii*?'' 
ncously with the secondary curieoU that Bi« gcneisl^ "i 



VDltai< 



ing may be regarded i 



the i 



ExpL Insert one leg of a powerful horae-sboe niagB''„ 
llic hollow cylinder of an induction spiral, fi}-^*^ ^ 
vhose ends are connected with a galvanometer, aw "^ 
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deflexion of the needle will show that a secondary current 
has been generated in the spiral whose direction is contrary 
to that of the currents circulating about the magnet. — If 
the leg of the magnet remain at rest in the cylinder, the 
galvanometer needle will, after a few oscillations, resume its 
normal position; the copper spiral is consequently in an 
electrotonic state (§ 571.). — Withdraw the magnet after the 
needle has become steady, and it will again deviate, but in a 
contrary direction to that in which it moved when the mag- 
net was inserted in the spiral. — Insert the other pole of the 
magnet in the cylinder and the direction of the needle's 
deflexions will be reversed.-^ In these experiments the wires 
ft'om the helix must be long enough to prevent the magnet's 
acting on the galvanometer needle. 



§576. 

oft iron, which has been rendered temporarily magnetic by 
permanent electric current of » voltaic or of a thermo battery, 
3y induction ft-om a steel magnet, excites secondary currents 
n induction spiral in precisely the same manner as a magnet 
lid. The first case may be verified by surrounding an electro- 
[net in an induction spiral, then establish and break the con- 
ion of the battery from which the current proceeds to its 
K) and it will be alternately in a magnetic and in an unmag- 
B state. In the other case the same effect follows if a piece 
>ft iron, placed in the induction spiral, be alternately magnet- 
and demagnetized by approaching and withdrawing a power- 
•teel magnet. 

First Expt. The Magneto-dectric Ring, jig, 251 ., is one of 
the most simple pieces Of apparatus for generating magneto- 
electric currents by means of an 
electro-magnet. It consists of a bar 
of iron about 1 inch thick, bent round, 
so as to form an oval ring, whose 
longer inner diameter may be some- 
what about 3 or 4 inches. One half 
R is converted into an electro-mag- 
net, by having some insulated copper 
wire of sufiScient thickness twisted 
round it, the ends of the wire being 
connected with the poles of a constant battery ; the other 
half, which answers to the feeder of an electro-magnet, is 
surrounded with the inductive spiral #. Connect its ex- 
tremities a and h with a galvanometer, and its needle will 
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d the lawivhichnf 
d l]y m^iwtiBn in l|he il^ 
iplnli. TSe niiula obtumd bj thit philMopfacT o 
eiacdv with the Un which hs and Jacob! bad preiioudir 
to iqtnlMc the btBiBlr of the daelro-djiuinic fbne CIA 
nitaic cvRtnt* (compuc $ 568.). These laws are. 

1.) Thai the Boagoelo-dcEtric eangjr excited io aBiDi 
ipiial hi- iBotti t£ iDi^netisni, it equal to the suin of tbr a 
miMiTC tanra of all the iadlTidiul coila of the wire (Ohm 
danxolal taw, { 511.1. 

i) " CMerit pariiras," that is to ay, with equally V 
curiHiti, the nufneto-eiectric force will be neail)' piopo 
to the nnmbM of coilii, the thickness of the wire exeW 
influence on it : iia intensitr will, however, be slightly dimJ 
bj incieaiing the width of the coils. 
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>n within the hollow cylinder of a spiral through which 
iry current flows, and the secondary current generated 
»inbined influence of the two forces will be more power- 

if excited by either of them singly. The soft iron 

magnetic every time that the contact of the voltaic 
> established ; it loses its magnetic properties again when 
i broken ; it acts therefore in both cases Inductively, like 
ic current on the outer coils of wire. In this kind of 
I apparatus the extra current which is generated at the 
when contact is broken, possesses remarkable energy in 
ff sparks and shocks ; subsequent observation has shown 
e effects are rendered still more powerful if a bundle of 
s be used instead of a solid cylinder (a), 
ese principles have been constructed galvano-nmgneiic 
machinesy which have been variously applied, but whose 

use is for medical purposes ; they consist of an induc- 
d connected with a hydro-electric battery, which is fitted 
an apparatus for establishing and breaking contact with 
idity, 

) Bachhofiher and Sturgeon appear to have first 
ced that a bundle of wires, insulated by a coating of 
lish, gave a more powerful extra current than a massive 
of iron. Magnus and Dove tried to ascertain the cause 
his increased effect; they found that when the wires 
I inclosed in a metal case, the force of the current was 
same as if it had been sent through a solid iron. But 
n the tube was slit, or when the wires were not inclosed 
II, the eflSciency of the current was greatly heightened, 
'e found, on prosecuting his inquiries still farther, that 
pierfectly equal induction spirals, provided with different 
'< or sets of wires, even if they deflected the needle of a 
anometer equally, gave shocks of unequal intensities; 
herefore inferred that the increased physiological effects 
md partly on the internal structure of the iron, partly 
he discontinuity of its mass, and that the greater effect 
wing to the more rapid suspension of the current caused 
this discontinuity ; the greater intensity of the shock, 
led by rapidly establishing and breaking the contact of 
battery, admits of a similar explanation. 
) One of the simplest and most ingenious contact- 
kers for machines of this kind, has been invented by M. 
gner, of Frankfort-on-the- Maine: it possesses the advan- 
! of simplicity of construction, and also that of having 
notion maintained by the electro-magnetism elicited, in 

respect resembling Ritchie's rotating electro-magnet. 
. 252. will show its construction; the mechanical com- 
ition will, however, admit of various modifications. 



rencwoci, the sKne eftocts as if '" 
bj an eloetro-iMgnet. — A«>™?"' 
h»*e heen used ia petfurmini! *'"'.■ « 
by which the potia ^v^rt tonnMU*. ^ 
induction spiraL g, 

Stamd Expl. To Sim" ibat the«^ ^ 
«ed by the induetive influenoeoj. , 
feedeif such m we hsve ju-'^l " 
■ powerful horse-shoe maifneti '"" 
brinclnir (he pole of thB nisfi"' . i 
feeder, The g.l«nomf ..r n^.-Jte/" 
spiral, ^ill show the e.i.u™erf»^ 
u opposite to thst of thi- tuireiit " . ^ 
is supposed lo encirdi' thi' soft 
into B magnet. On ^itliJrawii 
deviation of Ihe neeiik- rrovef. . 
cunent has been geueriilcd, "^ .2 
same as that of the ci ''"' 



ent wbicb jj 



§577. 

Lcnz has investigated and c 
the magn eto- electric foreu txtited hyO* 
spuab. The results obtaiiivd by t* 
eiactly wiih the laws which lie and 
to regulate the intensity of tlic tltc 
voltaic currents (compare § S5S.)- 

1.) That the magnelo-elec " 
spiral by means of magnetism, ia equlU 
motive forces of all the individual o ' 
dameutal law, § 51 1.)- 

2.) " Cffiteria paribus." tha 
currents, the magneto-eleetri< 
to the number of coils, the thicknes»| 
influence on it : its intensity will, h< 
by iaereaslng the width of the coils. 
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may be produced by 
a vultatc pile consist- 
It is therefore used 
ical effects bv alter- 
arcoal points to a state 
; the current, however, 
and with its direction 

jig, 253 h, a perspcctiTe 
•e. N J S is a powerful 
.irizontal position. « and 
V' feeder, whose axis a 6 is 
W by an endless strap, 
L'd wheel r ; this sets it in 
•K turn round close to the 
•■/i of the axis acts as a com- 
:S one of which m has a me- 
'. while the other /> is insu- 
slipped over it. l*he free 
inected with the feeder at c ; 
»itc side, with the insulated 
vay the. two metallic capsules 
helices from which the cur- 
r the current from these parts 
■IS one of which / lies above 
the metallic caps, and which, 
•per stems are connected with 
which thus, in a manner, con- 
L'ntire machine. If now we 
the helices represented vafig, 
M the ne^rative pole, after one 
•vould become the negative and 
-.-tion of the current would con- 
' so soon ns this change took 
liruls, the electrical condition of 
H of the commutator would be 
•.• same time when this happened 
- which the current is conducted 
Mito contact with these oppositely 
■urrent becomes again changed; 
■' hat if r antl M arc connected the 
.K to Us direction from P to N. 
I I'leetric sparks a rapid succession 
The break must occur on the 
;\i!nuni intensity, whi<* happens 
\s are niiiiwjiy bttween the tw» 
:»i»-.ill\ one aVioTu \\\« oVVw, «kSl 
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f^. S59k To e&tet tbu time 

Jig. 'i5Z a. in the middle of tbe two hiiliea p lodnoftlit 




Fig.^S'ic. Fig. 25^ d. effects, sni! c 



the melultic 
concluclors (§ 515.) -"h Ihc 
binding scrawa P and M ; ^ssp 




ngs will sene to s 
Ifjenetsted bj msgnctic irduetion. Tliey will be visible at 
the breiki in the conductor At the instant when the apring/ 
falls into nne of the holsso. A vivid while ek'ctrio light 
will appear in the giDOre, and if s ste«l tpring'be ^rc^nted 
to it. It will immediately be autroundet! with reddiidi spark-j. 
As we have already remarked, tlicse phenomena will lie most 
brilliant if a ijuantily inductor i< used, in which caw tlie 
«parke will frequently have a length of several inches. The 
(hemicnl efTeets, fur producing which the intensity inductor 
-will be the best adapted, may be obtained by using a coo- 
Btant direction of the eurrent (which may be ensured by 
placing the springs / and J in the position ^j. 253 B.), and 
connecting the cleciiodeo of a decomposing apparatus with 
the two binding screws PandM. The decumposiiimi uf water, 
as also of an alkaline or heavy metallic salt, may he effected ' 

. h in England and Stohrer of Leipiig have sueceuflillf 
pplied these cur»ents to electro-gilding and silvering (vide 
19.). Tfae splendid light of the charcoal points is abtainvd 
iLiing two of these points to establish contact (§ 514.), 
nring previouely conncrted tUem with the pole* of the 
To render platinum wire incandescent the quan- 
tor should be used as shown in/.;. ^5S a. : secure 
bin piece of platinum wire between two copper 
ered with rilk and twisted into a fork, Ibdr other 
b being fastened in the binding-Berews F M. In likt 
' in iron ond steel wire irav bchuml; or twist the 



-e jrou inteod to burn about a wire of pure mcuillie I'Bf- . 
per cunnecl«l with one pole of the mBchiae, imd touch ibi 
other pole with the ibort free end of the iron WLtt I'lllf- 
to produce its nuignetie cflects, surh as tlie dellMtion rf"' 
niville, tlxe exeititiun of teniporarf inaf^elii'Ti] in lu 
Ind clectrD-mmgnets. and the tarinua ek'ctro-inagnelic I 
lionii. convey the consunt current uf the quantilj indud* 
from the two (loles of Lhe machine through the eledio-iiHI' 
netic apparslua used la the particular experimenL 

An el eetru- magnet may be substituted for a ited one K 
thew machines, and then the rotation uf the iiiductoi 'iU ^ 
eff«ted hy tlie chan);es of the currmit in the electrs-iD'^ 
'I'his Tnrutlion was liist introduced by PoliL 
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I itself must necessarily at. .u » -. 

-net. At first he succeeded only indinc"' 
Vet from terrestrial magnetism bj ■•""f' 
ing an induction hclii over a bar of soft iroo, the ends a^ w| 
helix being connected iriih a delicate galranometer, mi ''~~ 
placing the bar in the same position as the dipping-needle, 
the inductive infinence of terrestrial magnetism the iron -, 
aoquired a north pole at its lower eitremity (vide § g «S. ••* 

457. ), and thereby induced a current in the heli 

deSection oTthe galvanometer showed, was tbe ui 

have bad by inserting the north pole of a bar magnet withia*' 
heliK (g 575.)- The same effect followed when the helii wP" 
iu the position oT tbe dippiug-needle, and the cylinder of soflii'" 
was thrust inlo it. On withdrawing the cylinder the needle ^ 
deflected in the contiary direction, precisely as if the uurlbp''' 
of a bar magnet had been withdrawn from the helix. Firi*T 
subsequently tucaeeded in producing induced circulating '"'' 
rents, in varioua ways '>y the influence of terrestrial magml"* 

frame, each of whose sides was about two feel long, and ibE (V 

frame was then set in rapid motion, with its piano in the o»f 
netic meridian. It was turned from W. to C, and the dcfr^ 
of tbe needle showi-d that an eleclrio ourrent was prodW* 
answering to the terrestrial current, which, liram Ampere's hyf 
thesis, is supposed to flow from E. to W, On wiihdrawitS «■ 
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I extremely feeble of themselves, may, by a number of 
ts answering to the vibrations of the needle, be so inr 
I force as to deflect it 180^ from its normal position. 



§ 581. 

electric currents excited by magnetic induction depend 
enomena which conducting bodies display when magnets 
d over them, or inversely when the conducting bodies 
s are in motion and their movements are affected by 
I of magnets. These phenomena may be divided into 
*s, viz. such as attend the vibrations of magnetic needles 

of proximity to non-magnetizable bodies, and such as 
i^een a magnet and one of these bodies, when one or 
lade to rotate near to the other. The general name of 

Magnetism has been given to all this class of phe- 



§582. 

; these phenomena must be reckoned the diminution 
by the oscillations of a. magnet performed above a plate 

The isochronism of the oscillations continues unim- 
it the arcs moved through by a declination and by a 
eedle, as also those of a magnet swinging as a pen- 
e less if performed in the proximity of a mass of metal 
r would otherwise be. The influence exerted by the 
ries in degree, that of copper and silver being greatest, 
>f mercury the least ; in all cases the effect is increased 
tal is brought near to the oscillating magnet, 
le phenomena (see § 463.) observed by Coulomb in 
, and by Hansteen, were owing to these influences. 
\o investigated the subject more closely in 1824, in 
r to discover what influence the different metals exer- 

on magnetic needles vibrating near them. Seebeck. 
ed his researches still further, and arrived at the follow- 
mportant results. He first found the relative retarding 

of the different metals on a magnet. A declination 
le which performed 216 oscillations in the common air 
educing its arc from 45^ to 10°, had its excursions 
sed equally when the following metals were presented 
at a distance of 3 lines, viz. 

Over Mercury after 112 oscillations, 

— Bismuth — 106 — 

— Platinum — 94 — 

K 3 
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ill l:i£ insfiju> ri^fn'niyd^rf etae^r at the <?kr«irr iDcietfe'i 
:iu xiuixUiGr (if ixuliiciaiK nnaenrvsi: no Aangt if p*^ 
r-.-tii... tr zmiMr. vir* xntcrwwec b*T«ie«ra tbe jDeiil«»d^ 
.•;i-::.f . iicuu::r i:«t i-iiCi-l T ■:£!=■ ppiKlaced do roodifieatifla 

■ ::? nifim*:ir£ ; ar y Li>TL:riiEiiri: is tbe coanexioc of »•* 
.l.fi-:-i':i: ;i:;r:+ ;if z:it t»u:ic* fc.TTi'itisbei ibeir iafioen* <• 

Ti: nuiTiii':- and ii:si:y. Ltairx iu.«dies were more o*; 
^fi-rii-i. itiar. liTii: ciii*. 

.-.-fee.' i.iuiiL it ".*■£?:" tiuc crea nco-aiciallic subsas** 
:-> vi.tirr. wi c:i»<. it.- tKcrti'i a cJa^irbui^ isfiiwnce* 
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T.rrn*:' .fiO^r rnr.npr~ei irhh the pbeoomrca we ha** I 
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:«;*:.. trt T*i.>ii- vi-irh uriae whec a isBgnet at testis*'^ 



;— f-r L TPrtx" r'.;:e :r a state of r^id motloD. o'^^ 
<:-n;<;v: znftc.^cz rf»i.ii»ef -with it* poles uppermost beneil^ 
■; s;:*.rii'rt.jfi :uTr-Ziir.:*l"iT iihcwc it. These are properlf *^ 
f »Tiif7*/: /■-■ nmrvriir rtcarinm . tber were first noticed by A»^ 
^£f.. ind hive fiir.ce been repe:-ted'T otiserred bv other pov'^ 



". /fiV'". i:-;.>r. nfpn'e sufperided a lizile above a plate of fl^ 
•. fiv'ii-:! f-\^m :t<^ py.ar pofitJon on a rapid rotation being *^ 
li'-l ».-< 4^0 litter *tvui I's centre ; it< deletion will be in *" 
■:i dirfc:-.>n a* il.at in which the p^ate tun.s ; it incre«ses 

:: : r.-.tA!:.-vn bocomi"?. mere rapid, and on its amounting fo • 

*.".: "•.•crr.o revolres with the plate. 

:".%hh?.'rc and Herschcl performed the converse of this exi>*^ 
r.:i::: of Arsgo's, by making ibc^ magnet to revolve under » 



sc. 



al plate ausppnded freely sboTe !t, and found the moTCment 
:ie plate in Ihia caae to coirespond with that of the needle in 

Firil Expt. These e][periinent9 will be most easiW per- 
formed by using the whirling table {fig. 7. vol. i.), on ihe 
revolving aiis of which fasten a clqiper plate Iwo or three 

rnpidity. Over the copper plate or disc place a table, j!<;. 

254., in which a circular hole is out of the same size as ihe 

disc ; close the opening with a pane of 

Fig. 254. glass, and briog the revolving metal as 

1 possible lo it. Now set a bell 

in the pane of glass; Ihe former 

contain a pretty strongly majt- 

neliied steel bar n >, suspended h; a silk 

tliread ; this magnet should be made lo 

rise or &11 at pleasure by means of n 

roller r. The intensity of the action 

which the revolving disc of mplal exerts 

on the bar magnet, Ihe velocities being 

equal, is greatest when the magnet is 

creases in propoilion as its diatunce is 
increased bj winding up the roller. 

Dr. Bottger advises that instead of a 
common bipolar magnet we should use 
one who^c two ends aie equal and similar poles. Magnets 
of this fciod are almost indifferent to the influence of terres- 
trial magnetism, and are e<]iially as strongly magnetic, 
which last circumstance ia of considerable importance to 
ensure the successful performance of these experiments in 
rotating magnetism. One of ihete Iripolar magnets nill 
instantly follow Ihe copper plate, even if the latter revolve 
with but a moderate felooity. We have already stated in 
§ 454. and § 567. how these astatic needles may be easily 
made ; it is worthy of remark that those made in the latter 
of these ways by means of the electric current are generally 
more powerful and more completely neutralized. 

Second Expt. Instead of the copper disc, now place a 
powerful horse-shoe magnet on the axis of the whirling 
table with its arms upwards, and suspend a copper disc in 
the bell glass instead of the magnet, as in the Arst eiperi- 
meiit : on causing the horae-shoe lo rerolTC, the copper plate 
will furn round also. 

In both these eiperimenis the intensity of the action will 
be aSlected by substituting plates of some other metal instead 
of copper. BabliBge and Herachel bare in a twofold manner 
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k'l ". » <»urv( wriclly ai^mable to tfc>* laws c£ u — 
>lK*rH (>w (untDO (Eumig id t>us pole accoidiDg . 
irnV'tB* amarj, m ihey tn ntpresmtKl by Ihe »rro«'.'" 
.- Jia.. Mv4 m "wh «i«ittUiimi part of the strip a h, -b^ 
irijriMHhn Ihn puU, u. gr.fia € / 1 cuertnt will begener^^ 
'.lit ■ In/, IwioiUM lh« part tiof ibe current will »ct m^ 
••WrM\f IhM Mm fUMrn. Now if thi« portion ci>*^ 
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under the pole, that is, if it be situated like ^ d^ it will recede 

from the current e s and will be brought nearer to n u; ; both 

will therefore act inductively in the same direction and 

hereby produce a more powerful current in the direction 

from ctod. Again, if tf move farther, t. e, come into the 

position of A A, it will be farther from the current w e, and 

consequently the current must now flow again from A to k. 

If in this experiment the strip of copper be moved in the 

contrary direction, or if the north pole be substituted for the 

south, the currents will flow in the opposite direction to that 

given in the^^. 

Agreeably to this experiment, and in accordance with the law 

f magneto-electric induction, a bar magnet standing vertically 

boive a rotating metal disc and in its centre, cannot excite any 

urrent in the latter, because in such a position of the magnet 

rith regard to the disc, the latter can neither approach towards 

lor recede from the former. But so soon as the pole of the 

nagnet is moved beyond the centre of the disc it will induce a 

urrent in the latter, which will flow in an opposite direction to 

he current Ampere supposes to exist in the magnet at those parts 

if the disc which approach the pole, and in the same direction 

rith this hypothetical current in those parts which recede from the 

>ole. Hence between the magnet and the parts of the disc which 

approach it repulsion predominates, whilst between it and the 

Murts which recede attraction prevails, and on the resultant of 

hese two forces the tangential, the perpendicular, and the radial 

iction of the disc depend. 

If there be but one pole above the disc of metal, as happens 
vhen a bar magnet stands vertically over it, then the latter is 
effected by the two opposite systems of currents in such a manner 
hat it is repelled by those which approach and it i^ attracted by 
hose which recede from it ; the repulsion consequently predomi- 
lates over the attraction, and accordingly the pole recedes from 
he disc. 

Fiff, 257. will render this more intelligible. Let the 

larger circle represent the disc of 
copper revolving in the direction of the 
arrows, w and e ; let n be the north pole of 
a magnet, then the part a 6 of the disc 
corresponds with the strip of copper in 
Faraday's second experiment, and the 
current generated under the pole in the 
disc by the first experiment will go from 
the centre to the circumference, i. e, 
from m to p. But if the south pole, a, 
*tand above the plate and a'f is the direction in which it re- 
solves beneath it, then the induced current q m proceeds from 
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^1 become visible; this experiment may be repeated for a 
considerable time. 

Other polished substances will do equally well with glass, as 
Moser found by using plates of metal, stones, resin, wood, leather, 
be. ; it is by no means indispensable, that the surface should be 
x>lished, as the phenomenon obtained when ground glass was 
jsed. 

The surfaces of liquids are also adapted for these experiments. — 
Hold any body over some quicksilver in a state of repose, and 
>reathe on the other portions of the fluid, or, it will be better 
itill, if you breathe on the mercury first, and remove the moisture 
ightly, by any means whatever from certain parts of the surface, 
uid if the metal be not disturbed, the traces will be distinctly 
\een for days whenever the mercury is breathed on. 

Immediate contact is not essential, in order to produce these 
ippearances, either prior to breathing on the surface, or in order 
o remove the moisture firom particular points of it. Hold a 
icreen in which some apertures have been made, over any 
x>lished body, so that it may not touch the latter, breathe on it, 
ind allow the moisture which is condensed to evaporate ; the 
igure of the apertures will be renewed at every subsequent 
ireathing. 

The vapour of mercury acts in the same manner as that of 
rater, but more powerfully. Expose a polished silver plate to 
his vapour without breathing on it, and a beautifully distinct 
niage will be formed of the objects previously in actual or in 
iroximate contact with the plate. 

Moser tested in like manner the vapour of iodine, which is 
leciiliarly interesting, because it combines chemically with the 
ilver, whereas the mercurial vapour is merely condensed without 
effecting any chemical change in the substance of the silver. 
i¥hen a prepared silver plate was exposed to the action of the 
rapour of iodine, in some cases, an image of the objects that had 
)reviously been in contact with it, was indicated by a difference 
D the colours, but whenever the plate was exposed (as in taking 
he Daguerreotype pictures) to mercurial vapour, a perfectly dis- 
inct image was invariably obtained, the daylight bringing out 
:he delineation of the objects with the utmost exactness. 

From a consideration of these facts, Moser drew the following 
mportant conclusion, that if the surface of a body be brought in 
wntact at certain points with any other body whatev^, it acquires the 
vroperty of condensing (dl such vapours as adhere to it or with which 
t combines ehemicallyf in a different manner at the points of contact^ 
^rom that in which it condenses them at the other parts of its surface. 
Hence then we obtain the picture of the touching body. 

The most important point in these phenomena, as far at least 
m regards the inferences deduced from it, is this, that these ^^lc> 
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:..:l-< ~\Ar be produced br centae t and coodeosatioii, when iH 
i.^r.t j« cjmplcttlT exdoded. Hcnee he goes on to say, that Ae 
r^ .:«&rff «/ftMKcs,ffe Biadfifiaa ^ tmpomr amd the mdkmtfSifi 
*'-T«« a timt sbaSmr dkaafcs m i arfifi, amd ttaC <Aoae dhnyct dUd 
orrr / i mJ i ia rf ly Ar Jirar teaaadfei. abx mkkklt nn xprur or 

U^VT WHICH U 100 miCS TO BB aTnODCIABLB BT OUB OBSAIB «t 

>:otfT. Moser s idea is tiiat fli iadwt ere fa fte flOMMfararf at 14^ 
Immumms ; the hgfaft ^lieh aBHBBftBs ftooi dari^ bodiw^ bo aii> 
tiagtai^hes as nwinUt fipMB Hie tfans pnweedi : If tapoBfi iV 
b; th« same vBaBMr as Ug^ then althoagh tiiereoiy bew 
risible deretopmeBft of hg^ «e HMBt aUri b ute theeflfcels |i^ 
duced br tbecondcBHtiaBof vipons to an mneeB hiloeBeeff 
lichu wiiekaHkmkOi m tkh mm im At wuftmr wu^ pnpalfh 
fpt^tstm of as fafcaf ti§ki, U it WixBlBd aeiicaMBiarf atei OtiB' 

rvmaMr a^ fAoit af Bpkt ta aCt aid haiy CHtdBiM. 

i^oiessQc iknavT oi i\ati repcBBea JioaBTB apennwBK v s^ 
taimn^ l a rHmiha of two bodic i^ bj placn^ ftem oob ob An- 
other ; and dDcded bns attcntvNi chieny In tho lunult BMhi^ 
the Utter, that theM pi c lui e i were both man dJstmct, and bM 
obtained in a diorter time, when the two bodies were at diftnit 
temperaiuies. His eiperiments proved, tiiat on attaining a m^ 
tain diflerence of temp ei alu re, wbidi, h o wevei , varied fcr diftfa* 
bodies pitimrtg awpAf he vh t aimed etem when tte wyoa rs vot Mt 
rx-tKMKsid. These pictures became instantaneously viable; ao^ 
scct^rding to the medrads used to produce them, they were cidM' 
transient or permanent. To distii^uish them firom the inu^ 
p.oticed by Moser, Knorr called diem T%ermoffnqik$, He befiefcd 
that thoy owe tb^ origin, not merely to the diflf^enee 10 A* 
tein}>eratures of the two bodies, but also to the heights of tiwK 
to!niH>ratures ; and as tiiey are produced even when the tempo** 
tures of the bodies are botih equal and constant, he r^arded FK>- 
fossor ]Mo$cr s theory of invisible light as an unneeessary assnoip* 
tion. considering rather that tiiis phenomenon may serve ts « 
demonstration of the truth of Prevost's theory <^ exchanges.— 
(§ SS5. p. 17i>. Vol. II.) 

3Ir. Hunt of Falmouth, who performed the like experimeotti 
is also of opinion that these pictures are the effect of a puidy 
thermal influence. 

Professor Karsten has published another nnide by which p^ 
tures of this kind may be produced. It consists in placing tvo 
bo(nes in contact, and sending electrical discharges through tbeffli 
breathe on them, and as the vapour is condensed the iou^ ^ 
rendered visible. Karsten calls them electrical pietttreg. Tlws 
phenomenon had, however, been previously noticed by VrofBS^ 
H'jvss. Karsten by no means admits the hypothesis of the exist- 
cmc of invisible light; alleging, what indeed Moser admits, that 
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it is not to be attributed to solar light, but is to be considered as 
inherent to all bodies : then says he, Probably it is not light at all, 
but rather the exertion of a force possessed by all bodies. He 
attributes all these phenomena to molecular changes; and as lights 
heat, and electricity are aU equally efficacious in producing them^ 
their cause is ranker to he sought in the influence of cohesion than in 
Ught. 

Dr. Waidele of Vienna has also thoroughly tested the experi- 
ments and observations of Professor Moser ; and on comparing 
his own with them he thinks he is warranted in saying, that all 
the effects of invisible light may he explained hy referring them to the 
unequal capacities of hodies for absorbing gases. 

He found that when an object was brought near to a polished 
disc, the effects produced depended on the circumstances in which 
the two bodies stood with regard to the gas they absorbed, a mu- 
tual action taking place only when they vere in a different con- 
dition. Either a coating of the absorbed gases was imparted to 
the plate, or a portion of the gaseous atmosphere adhering to the 
plate was withdrawn from it by the touching body, or an ex- 
change of the gases each had absorbed was made at their points 
of contact. 

A liquid or a gaseous body brought into proximity with the 
plate, so as to touch it at certain points, produced similar effects, 
inasmuch as it induced a change in the gaseous atmosphere about 
the plate. 

These changes are rendered visible by the condensation of the 
vapours on the plate, whilst the colouring of the condensed va- 
pour varies according to the state of the gaseous atmosphere about 
the plate. 

The brief comparison we have just given of the different views 
entertained by several distinguished men of science will show, 
that the important theory propounded by Professor Moser with 
regard to invisible and latent light has not yet received the 
universal sanction of the scientific world. The importance of 
the hypothesis, as being based on new analogies, which had been 
detected between light and heat, may well lead us to look for 
further investigation into the subject; and we may sincerely 
express a hope that the talented professor of Konigsberg will pro- 
duce some further and convincing evidence in favour of the theory 
he has advanced. 



Vol. III., Page 83. 

Mr. Grove has also made another voltaic batter v, of a novf>' 
cwistruGtion. It belongs to that class in NfVvicVv ow^ \\»»a 

8 2 



I 



INDEX TO VOLS. II. AND III. 



I. Spherical 
«. 97. Of 



n, 207. RotaUng (ppa- 



84. Obi«±lTe,'87. Pigmenli.tl 
017 ol. sa. AttBcteabf iatarn 

dlfflsctlDD. 9e. Bj pofurilUb 



ComplMiMntarF cDlouri. II. Si. In 
FoTulitd llait, no. Inucidenul 
coloun. 12a. In pQloured «ha- 
doiri. IM. Bt <loaU« reCnclioo. 
IM. 



1?KDEX. 



} 






IS ecfiue. u. 11%. 
xi. 4r. P«ckt*t 



• ■••-j:: t Tt-TfT. cJfCtriciL in. 5. 
■ • *>-• . h, :»' . 1*5 UqiiidfL *fT. Af- 
-"^■■c :'.r tzait cf ft I le gati on, ^. 
r~ I^'*» o^. *•< Tnemul. of 
- . i* ::». Of iiqudft. 17». Of 
c*j^>» '*» App!icauoDof ifaeoD- 
:•: .ik. tM -izia! ciJDAactaag povcr of 

V. :•:: jr:: •= y ]?^L — iMoUtMii, ii. 
^*i i.tax. '". Of 

-■"" I ':" tii^tncitr. iiL &. 

'. :>cu.-::r* M tlecuidty. iii. 1. b. 

O: »-«:. i:, ir*. 
C 'CtA.-^ e>;Tnr:tT. — falrtaic or toI- 

U^v flecrrjciST.'iii. CtS. Elcctiidrp 

•5c-. Volu'f :ui 
»^t. -S. Ga^rani'* f u nd M nenul 
fXfwrsDcat. TO. Elc cuuuw tiTe 
f ofcf . Tv'. ElTCtncJIy fcnenttsd bjr 
coctMt of »obdi aad ttqaidt. 72. 
Of li^ uiit V tth liqaUt, 74. Folv- 
.un.Yj of ibe ncnlft. 7&. DWkr- 
f-:>^f ^frv«>e^ fnctiosal aad oonliMt 
:»j«\-^r;cntT. m. latnMil; d the 
.-urreas. 'om vhat it drpvods, 96. 
>eajn:::jde of the el e cmim oCiTe 
:.rrf. A". KfUrdiof foroe. 96. 

K«i>:ArK'>o t.-> conduction. 97. To 
: ra:: >r:. .M . or. . .^. Reduced l«^th, 
:'- r CJL rtesiitsBCC u a tottenr, 
::• . Onrs*« 'av. 100. Efl<cts of 
h} dr>.<>]<v:ric currants, mafnetir, 
l.s^ Lu='.n.->u». 1(^. Tb«nul. 
App'vjtrion of to blasting 
.rr:r«. li:. ]*hTs;o)opcal, 115. 
Cr.ecr.tc&l. Ih'. Lav* rffulatinp. 
1 iV F '.oot ro-ohomutry and electro- 
i'.':e7r.u--:d <: lAssification of bodin, 
1 *: '. . F Ar:id.4y *$ la ws of electrolysis. 
1^1. .\c:ion of the electrolyte in 
tr.e battery. 132. Intensity of the 
o:;rrent, how measured. UO. The- 
or:o$ •« to the nature and origin of 
e'.<v:r:o:tT. 14?^. 

0,.r.\< X It :;s. ii. .V5. W. 

Convex m;rT\"»r, ii. a». 

Ooj",v>- >.i<».-ithiii4r of ships, how pro- 
test o,». iii. i:«;\ 

Tross ••. iMlarirod light, ii. UO. 

Crxophv-T^s, li. 214. 

i>yj;a:s. chAiipp in their Tolume 
o.-..:MNi by heat, ii. W. Electrical, 
..:. l.V 

D. 






I>econipotin?n, chenkal, by dertii- 

city. iii. 66. 19\ 124. 

DeAagrator. iii. S5. 

Density of water, ii. 161 Of iteui, 

417. 
Depolarication. electried, iii- 1»- 
Dew-point, ii. SI. 
Diatfaermanoos. it 174. 
DiflHmtial thermometer, ii- >^ 

Magnetic, iii. 19. 
Digester. Fapin's, ii. 907. 236. 
Dia|>trica. iL 41. ^ ^ 

Dip of the mognetie needlt.D.llB' 

VariatioQ in. IM. . . .. 

Dipping neadle. IL S79. Eketriol, 

iii. 218. . 

Diarkarger. electrical tmmm,m 

Hmily'a nnirenal, iii. 41. 
Diapenion of liglit, fl. 8S. 
Disrtllatinn. ii. SICl 
Doable icfraettoa, a. €7. 
DpiamoiiMlsr opckal, iL IIB. 



E. 



Eaith. fbttoMd figora oi; S. XI. 

EeLelcctraGaI,iiLI84. ^,^^ 

Electrical machine, iU.9. M$ 
prodoeed bj. M. AxmMP 
hydro-electiftnl madiiw.155.Gv- 
Taoo-magnetic mafhin a,MI. VI* 
neto-electricsl, SB. ^ . 

Electricity, la 1. Different ■cfto* 
of exciting. 2. By frictioo, tee 
Frictional Electrid^. Bto»"J 
tee Contact-electricity W "Jr 
an- Thermo ElecOicitT. By ««• 
trical currents. «« EiectTO-«yn»* 
mics. By magnetism, aw MafD^ 
Bectridty. By changes taj* 
atmosphere, are Aerial BkctiW' 
By the rital process, 183- IV 
chemical action, 1 51 . By mecbia- 
ical separation. 157. By pra«n*> 
158. ByUsht.170. General eftc» 
of. 2. Intensity and quantttji •• 
Conduction, 3. Conductors, 1MB' 
coiMiuctors, 3. How applied, V. 
Conducting power of bodies, 5. Jj* 
Resistance to conduction, ^ J^ 
Theories as to the nature of ew* 
tricity, 6. Positire and neoti** 
electricity, 7. Tension, 7. !**• 
of attraction and polarity, 8. Elec- 
tric current, 9. Its Telodtr, W* 
4!^. Duration of the electric UpK. 
4<. Electricity by induction, 10- 
Electric telegnph, 254. 

Electro-chemistry, iii. 183. 

Electrode, iii. 121. 

Electro-dynamics, iU. 186. Actiop 
of currents on each other, i9S- 
Ampdre*8 law, 193. Parallel cur- 
rents, 193. Currenu not parallel. 
196. KouUon of electrical coi* 



INDEX. 



267 



Solenoid, 205. In- 
agnets on electric cur- 

Of a solenoid, 207. 
iheory of magnetism, 
ry movements by mag- 
lectric currents, 209. 
action of electric and 
irrehts, 190. 206. In- 
rrestrial magnetism on 
-rents, 216. Electric 
ile,218. Electric varia- 
219. Influence of tlie 
?rrestrial electricity on 
eedles, 220. Rotation 
terrestrial magnetism, 
tive influence of elec- 
:8, 229. Primary and 
urrents, 229. Duration 
on of secondary cur- 
Different effects of in- 
3nts, 232. The extra 
3. Induced currents 
iction electricity, 234. 
g, &c. iii. 133. 
iii. 120. Faraday's 

Theory of, 121. 
i. 120. 

et, iii. 223. Ritchie's 
). 

etism, iii. 187. Oer- 
'eries, 187. Deflection 
le, on what dependent, 
o-magnets, 223. Laws 
ning their suspensive 
>. Great suspensive 
2G. Ritchie's rotating 
net, 226. Electro-mag- 
lines, 228. Electro- 
applied to telegraphing, 

. iii. 12. Cavallo's, 
^olta's, 13. Henley's, 
oulomb's torsion-elec- 
14. Oerstedt's, 15. 
er's and Becquerel's, 

force, iii. 70. 

iii. 70. 
, iii. 51, 

iii. 12. The electri- 
im and the electrical 

ii. 230. 

?ory, ii. 3. 

\ ii. 169. 

bodies b^ heat, ii. 145. 

6. Liquids, gases, 102. 

!0f, ii. 111. 



F. 

. ii. 50, 
242. 
ti. 139. 



Figures, Lichtenberg's, Hi. 56. No- 
bili's, 137. 

Floating apparatus, De la Rive's elec- 
tro-magnetic, iii. 194. 206. 209. 

Focal distance, ii. 31. 58. 

Focus of a concave mirror, ii. 31. Of 
a convex mirror, 39. Of a convex 
lens, 58. Of a concave lens, 62. 

Four- way cock, ii. 245. 

Fraunhofcr's spectrum, ii. 76. 

Freezing mixtures, ii. 200. 

Freezing of water by evaporation, 
ii. 213. 

Freezing-point, ii. 148. Of different 
liquids, 203. 

Frictional electricity, iii. 10. Fun- 
damental efllects of, and experi- 
ments, 11. Vitreous and resinous 
electricity, 17. Electrical scries, 
19. Use of conductors and non- 
conductors, 20. Insulation and 
loss of electricity, 22. Induction 
of electricity, 24. Latent elec- 
tricity, S6. Difference between 
conduction and induction, 26. 
Electrical machine, 29. Apparatus 
for increasing electrical intensity, 
37-45. 49-53. Discharge of jar or 
battery, 44. Velocity ot the electric 
current, 45. 47. Duration of the 
spark, 47. 49. Experiments ; gene- 
ration of motion, 54. Positive and 
negative electricity, 56. Luminous 
phenomena, 57. Phosphorescence, 
58. Mechanical effects, 59. Ther- 
mal, 61. Magnetic, 64. Physio- 
logical, 65. Chemical, 66. Sources 
of frictional electricity, 67. 

Fulgurites, iii. 178. 

Fusion, point of, ii. 196. Of the me- 
tals, 196. 



G. 



Galvanism, see Contact-electricity. 
Galvanometer, iii. 104. Jacobi's, 

105. Schweigger's, 105. Nobili's 

106. 
Gases, capacity of, for heat, ii. 188. 
Geothermoineter, ii. i59. 
Gold-leaf electrometer, iii. 13. 
Governor, ii. 246. 
Gridiron pendulum, ii. 12^. 



H. 

Hail. iii. 179. 

Hardness of steel for magnets, ii. 297. 

Heat, ii. 143. Different effects of, 
144. Latent and sensible. 144. 
Theories as to its nature. 145. 262. 
Causes a change in the volume 
of bodies, 145. Instruments for 
measuring, 147. Expansion of 



^ 




